Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


A   TEXT-BOOK 


CHEMISTRY 


FOR    STUDENTS    AND    PRACTITIONERS 

OF  MEDICINE,   PHARMACY 

AND   DENTISTRY 


EDWARD  CURTIS  HILL.  M.S.,  M.D. 

1]  JjulTitiivl  HIi^nHnplH :  PnitWiH  of  Apfllol  Mi4lal  Chanliirji  is  ib«  Hidlnl  DiinnaHl 

Sn^ttt:  (AiBiiial  Foo^ud  Dm  Diilaloii,  Coinndu  Sui*  BoaH  at  Buiih;  OoIJsIk- 

AMllalir'i  aunlUI.DantK;  Fmldnl  >f  Dnxi  CUnlal  ud 

P>lliill«(j<iil8wl>l]'(IMW)«);  EdiUrsr  Diuiir 

"KidWTJmH." 


|ltb  100  Illustrations  in  tbcCeit  an?  14  JulUpage 
t»aIt»tone  an&  ColovcO  plates 


PHILADELPHIA 
DAVIS  COMPANY.  Puiiu«W 
1911  ' 


COPYRIGHT,  lyil 

BT 

F.  A.  DAVIS  CX)MPANY 


•      ••••••••••       •  «••••«• 

•         •        •    •  •     •         •     **•     *     •  •  • VVW-*        «    •  •   •    %    . 


Philadelphia.  Pa..  U.  S.  A. : 

Press  of  F.  A.  Davif!  Company 

1914-16  Cherry  Street 


t 

I- 


TO   THE   MULTITUDE   OF   STUDENTS 

WHO,  DURING  THE  PAST  EIGHTEEN  YEARS, 

HAVE  FOLLOWED  MY  INSTRUCTIONS  IN 

LABORATORY  AND  LECTURE  BOOM 

THIS  BOOK  IS  CORDIALLY  DEDICATED. 


«^rt'r4 


PREFACE  TO  SECOND  EDITION. 


The  chemistry  of  medicine,  pharmacy  and  dentistry  is  stead- 
ily growing  in  interest  and  importance.  A  text-book  upon  this 
subject,  in  the  writer's  opinion,  should  be  equally  serviceable 
before  and  after  graduation.  It  should  guide  the  student  to  a 
reasoned  understanding  of  underlying  principles  and  be  a  handy 
reference  book  for  the  practitioner  in  applying  scientific  facts 
and  analytic  methods  in  his  daily  work.  In  preparing  the  present 
revised  edition  the  author  has  endeavored  to  make  it  conform 
with  the  latest  authoritative  knowledge.  Nearly  every  page  has. 
been  emended  and  augmented,  and  many  new  topics  are  dis- 
cussed. Quite  a  number  of  new  and  original  tables  and  colored 
plates  have  been  included,  and  the  publishers  have  employed 
their  customary  care  and  skill  in  making  the  volume  typographi- 
cal! v  excellent. 

Besides  the  hundreds  of  references  in  the  text,  the  author  is 
specially  indebted  to  the  following  authorities :  Lenhartz,  Bart- 
ley,  Attfield,  Long,  Simon,  Sadtler,  Bunge,  Holland,  Muter^ 
Witthaus,  Scoville,  Hall,  Mitchell,  Rockwood,  Wolf,  Gage,  Purdy,. 
Draper,  Eohe,  Taylor,  Brundage,  Riley,  Autenrieth,  Tanner, 
Ogden,  Neubauer  and  Vogel,  Heitzmann,  Wiley,  Leffmann  and 
Beam,  Leach,  Allen,  Mulliken,  Winton,  Clayton,  Richards  and 
Woodman,  Ott,  Brubaker,  Lusk,  Bouchard,  Halliburton,  Cob- 
leiitz,  SoIImann,  C'roftan,  Hatcher,  Cushny,  Luff  and  Page,. 
Robinson,  Sajous,  Hutchison,  Findlay,  vanH  Hoff,  Pawlow, 
Cleaves,  Essig,  Bottger,  Fetterolf,  White,  Jones,  McFarland, 
Kinhorn,  Preseott,  Reid  Hunt,  Doremus,  Yaughan,  Mendeleeff, 
JoIlifTo,  Novy,  Wood,  Boston,  and  the  United  States  Pharma- 
copoeia. E.  C.  H. 


Corrections. 

Pasre  32,  nineteenth  line,  read  "adsorption"  Instead  of  "absorption." 
Page  iflCi,  "hyoscyin"  should  read  "hyoscln." 
Page  2C8.  "  serpentaria  "  should  read  "serpentarln." 
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MEDICAL  PHYSICS- 


OENEKAL  DEFINITIONS  AND  DISTINCTIONS. 

Everything  about  us  consists  of  matter.  Matter  is  per- 
ceived by  the  senses,  especially  by  sight;  but  there  are  also 
many  invisible  substances.  Air,  for  instance,  though  trans- 
parent and  invisible,  is  as  material  in  its  nature  as  is  iron  or 
salt. 

Any  appreciable  change  in  matter  is  termed  a  phenomenon. 
Natural,  or  physic,  science  is  classified  knowledge  concerning 
matter  and  its  phenomena. 

Chemistry  is  that  branch  of  natural  science  which  treats 
of  the  intimate  composition  of  matter,  the  changes  in  composi- 
tion, and  the  principles  governing  such  changes.  It  is,  there- 
fore, the  most  rational  of  studies,  since  it  seeks  to  find  an  ultimate 
reason  for  every  natural  phenomenon.  As  an  art,  chemistry  has 
discovered  and  prepared  the  greater  number  of  medicinal  agents 
now  in  use.  A  practical  knowledge  of  chemistry  is  as  essential 
to  pharmacist  and  physician  as  is  mechanics  to  the  engineer  or 
draughting  to  the  architect. 

Physics  differs  from  chemistry  in  that  it  treats  of  the  forces 
and  motions  of  matter  in  the  mass,  rather  than  its  final  com- 
ponents. The  two  sciences  are,  however,  closely  related,  and 
an  elementary  knowledge  of  physics,  or  natural  philosophy,  is 
essential  to  the  understanding  of  chemistry.  Physic  chemistry 
spans  the  gap  between  physics  and  chemistry,  and  confines  itself 
to  numeric  relations  between  directly  measurable  magnitudes. 

In  consonance  with  the  definitions  given  above,  a  chemic 
change  is  one  in  which  the  composition  of  a  substance  is  per- 
manently altered;  a  physic  change  affects  only  the  form,  and 
that  temporarily.  The  conversion  of  water  into  steam  or  ice  is 
an  example  of  a  physic  change.  The  union  of  water  with  cal- 
cium carbid,  fonning  acetylene  gas,  illustrates  what  is  meant  by 
a  chemic  change. 

EKperiment. — Heat  1  gm.  of  iron  filings  for  t^'n  minutes;  then 
weigh  again.  Explain  change  in  color  and  increase  in  weight.  Would 
these  changes  have  taken  place  had  the  metal  been  heated  in  a  vacuum f 

Experiment. — Mix  intimately,  but  cautiously,  with  a  spatula,  a 
teaspoonful  of  powdered  chlorate  of  potassium  with  twice  as  much 
cane  sugar.  Place  the  powder  in  a  convenient  vessel  and  drop  on  a 
few  minims  of  strong  sulphuric  acid.  A  bluish  flame  is  evoked,  the 
sugar  is  charred,  and  a  suffocating  gas  is  evolved. 
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MEDICAL  PHYSICS. 


OENEKAL  FBOFEBTIES  OF  UATTER. 

The  general  or  essential  properties  or  qualities  inherent  to 
all  matter  are  the  following :  Indestructibility,  extension,  attrac- 
tion, weight,  divisibility,  impenetrability,  porosity,  compressibil- 
ity, elasticity,  inertia,  and  mobility. 

Indestructibility. — No  particle  of  matter  was  ever  created 
or  destroyed  by  human  or  natural  agencies.  Everything  is 
apparently  subject  to  complete  destruction  in  its  final  decay,  but, 
in  reality,  there  is  only  chemic  change  and  new  combinations. 
The  vegetation  of  by-gone  ages  becomes  coal;  this  is  consumed 
into  ashes  and  gases  in  the  fire  which  chemic  change  produces 
and  maintains;  living  plants  live  and  grow  by  absorbing  the 
ashes  through  their  roots,  and  the  gases  through  their  stems  and 
leaves ;  and  thus  the  round  of  transformation  goes  on.  Water  can 
be  resolved  by  electricity  into  its  component  gases,  hydrogen  and 
oxygen,  the  sum  of  whose  weights  in  any  given  case  is  always 
equal  to  that  of  the  quantity  of  the  liquid  decomposed.  The 
great  fact  of  the  indestructibility,  of  matter  is  the  foundation  of 
modem  natural  science. 

Extension. — Extension  is  that  property  of  matter  by  virtue 
of  which  it  occupies  space.  All  forms  of  matter,  even  though 
invisible,  possess  this  property.  The  amount  of  space  occupied 
by  any  given  portion  of  matter  is  termed  its  volume,  which  implies 
all  three  dimensions :  length,  breadth,  and  thickness.  Extension 
in  two  directions  is  called  area,  or  square  measure;  in  one  direc- 
tion, length,  or  linear  measure.  By  density  is  understood  the 
ratio  between  volume  and  weight.  Mass  signifies  the  quantity 
of  matter  in  a  body.  The  term  is  not  identic  with  weight,  since 
mass  is  not  affected  by  gravity,  but  implies  resistance  to  motion. 

The  system  of  measurements  employed  by  scientists  in  all 
parts  of  the  world  is  the  metric  system.  It  is  a  decimal  method, 
the  unit  of  which  is  the  meter,  equivalent  to  39.37  inches.  A  cube 
of  water- ^00  meter  on  each  side  (Moooooo  cubic  meter),  weighed 
at  4°  C,  is  the  unit  of  weight,  and  is  called  a  gram,  being  equal 
to  15.43  Troy  grains.  The  unit  of  capacity  is  the  liter,  repre- 
sented by  a  cube  Yio  meter  in  each  direction  (Kooo  cubic  meter). 
It  is  equal  to  1000  times  the  volume  of  water  weighing  a  gram, 
or,  in  the  English  system,  to  a  little  more  than  a  quart. 

The  subdivisions  of  each  of  these  three  units  (meter,  gram, 
and  liter)  are  indicated  by  the  following  Latin  prefixes :  milli, 
Mooo;  centi,  Moo>  <lcci,  ^o>  the  higher  denominations  by 
the  Greek  prefixes:  deka,  10;  hekto,  100;  kilo,  1000;  myria, 
10,000.  It  is  thus  seen  that  a  gram  is  the  weight  of  a  cubic 
centimeter  of  water,  and  that  1000  cubic  centimeters,  or  a  liter, 
weigh  a  kilogram.  Metric  abbreviations  are  derived  from  the 
first  letters  of  each  name:  e,g,,  c.c,  for  cubic  centimeter;  mg., 
milligram,  etc. 
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The  metric  tenns  used  in  medicine  and  pharmacy  are  the 
liter,  cubic  centimeter,  gram,  milligram,  and  micron,  the  latter 
being  a  microscopic  denomination  equal  to  Kooo  millimeter,  or 
Koooooo  meter;  it  is  expressed  by  the  sign  or  letter  /x.  A  micro- 
micron  ( /x/x  )  is  one  millionth  of  a  mm.  The  student  should 
learn  the  doses  of  drugs  according  to  the  metric  system,  bearing 
in  mind  that  a  teaspoonful  or  fluidram  of  liquid  medicines  is 
practically  the  same  as  4  c.c.  The  following  prescription  illus- 
trates the  advantages  of  the  metric  system  in  prescription 
writing.  The  numbers  represent  either  grams  or  cubic  centi- 
meters, according  as  the  substance  is  liquid  or  solid.  The  per- 
pendicular line  stands  for  the  decimal  point,  separating  whole 
numbers  from  fractions: — 

3  Quiniiue  sulphatis 2  400 

CaffeinsB  citratis 1  200 

Acetanilidi  1  800 

Fiat  pulvis;    divide  in  capsulaa  numero  xij. 
Signa:     One  every  three  hours. 

Impenetrability. — No  two  bodies  can  occupy  the  same  space 
at  the  same  time.  There  are  many  apparent  exceptions  to  this 
axiom.  Sugar  disappears  without  increase  in  volume  of  the 
water.  The  air  seems  to  offer  no  hindrance  to  the  presence  of 
other  material  objects. 

Experiment. — Place  a  piece  of  lighted  candle  on  a  wide  cork  float- 
ing on  water  in  a  wide  vessel.  Over  the  cork  and  candle  press  down  a 
tall  bell  jar.    They  will  be  seen  below  the  outside  surface  of  the  liquid. 

Divisibility. — The  limits  to  which  matter  may  be  divided 
are  almost  beyond  comprehension.  Take  any  solid  substance  and 
crumble  it  in  a  mortar  or  dissolve  it  in  a  liquid;  yet  we  know 
that  the  farthest  possible  division  has  not  been  reached.  Under 
a  high  power  of  the  microscope  the  fine  grains  of  the  powder 
appear  large  and  rough  and  obviously  capable  of  further  division. 
Eegarding  matter  in  solution,  a  grain  of  strychnin  renders  dis- 
tinctly bitter  a  whole  barrel  of  water.  According  to  Berthelot, 
it  would  take  about  1000  centuries  for  a  gram  of  musk,  con- 
stantly scenting  the  surrounding  air  with  particles  or  gas,  to  lose 
1  mg.  in  weight.  One  grain  of  uranin  or  fluorescein  will  color  or 
render  fluorescent  100,000,000  grains  of  water. 

Yet  it  is  believed,  on  good  mathematic  grounds,  that  divisi- 
bility has  its  bounds,  and  this  leads  us  to  the  molecular  theory 
of  the  constitution  of  matter.  Scientists  hold  that  every  sub- 
stance is  composed  of  infinitely  minute  separate  particles,  or 
molecules,  separated  by  interspaces  that  are  comparatively  much 
larger  (according  to  Maxwell,  about  %  millionth  inch  in  ordinary 
air).  The  molecules  are  in  constant  motion  (8,000,000,000  col- 
lisions per  second  in  air — average  speed,  1570  feet  per  second, 
at  15.5    C),  striking  against  each  other  and  so  producing  the 
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varied  forms  of  molecular  energy  known  as  heat,  light,  mag- 
netism, and  electricity.  The  existence  of  intermolecular  spaces 
is  shown  by  the  passage  of  coal  gases  through  red-hot  iron,  by 
the  forcing  of  water  under  hydraulic  pressure  through  metals, 
and  by  the  fact  that  there  is  no  increase  in  the  volume  of  a 
liquid  when  a  salt  is  dissolved  therein. 

According  to  the  relative  proximity  of  the  molecules  to  each 
other,  genflrally  speaWing,  we  have  three  principal  states  of 
matter :  solid,  liquid,  and  gaseous, — ^to  which,  perhaps,  a  fourth, 
or  extragaseous — including  the  luminiferous  ether  and  the  so- 
called  radiant  matter  of  artificial  vacua — ^may  be  added.  These 
states  are  interchangeable  under  varying  conditions  of  tempera- 
ture and  external  pressure.  By  the  aid  of  heat,  ice  is  converted 
into  water,  and  this  into  vapor.  Air  itself  has  been  frozen  under 
great  pressure,  into  a  gray  powder.  The  conversion  of  a  gas 
into  a  liquid  or  a  solid  is  brought  about  either  by  reduction  of 
heat  or  by  pressure  or  both. 

Regarding  the  actual  size  of  a  molecule,  the  human  mind 
fails  to  grasp  its  nearly  infinite  minuteness.  Lord  Kelvin  esti- 
mates that  they  range  from  Koooooooo  to  Kooooooo  cm.  in  diam- 
eter. Gas  molecules  are  reckoned  to  range  from  0.0001  to 
0.00066  micron.  There  are  millions  of  molecules  in  the  head  of 
a  pin.  A  crude  comparison  is  that  the  volume  of  a  drop  of  water 
is  to  that  of  each  molecule  of  which  it  is  composed  as  the  size 
of  the  earth  is  to  that  of  an  apple. 

Minute  as  are  molecules,  they  are  known  to  consist  of  even 
smaller  solid  bits  of  matter  called  atoms,  which  exist,  as  a  rule, 
only  in  combination,  forming  molecules.  When  the  constituent 
atoms  are  alike,  the  molecules,  and — of  course — the  substance 
which  they  compose,  are  termed  simple;  a  compound  molecule 
or  substance  is  composed  of  unlike  atoms. 

Crookes  and  Thomson  have  seemed  to  prove  that  even  atoms 
are  made  up  of  infinitesimal,  negatively  charged  particles  (elec- 
trons), which  move  in  orbits,  and  are  thrown  oflE  from  all  highly 
heated  or  highly  electrified  bodies.  The  hydrogen  atom  is  com- 
puted to  consist  of  700  units  of  electricity;  the  oxygen,  of 
11,200;  the  radium,  of  157,500.  These  electrons,  it  is  said,  bom- 
bard space  and  its  contents  at  the  speed  of  50,000  to  100,000 
miles  per  second,  giving  rise  to  all  sorts  of  perturbation  in  the 
ether,  such  as,  for  example,  fluorescence  and  X-ray  phenomena. 
According  to  this  theory,  the  ultimate  particles  of  matter  and 
force  are  identic,  and  the  mother-substancd  is  known  as  protyle, 
or  pantogen  (urstoff,  fire  mist,  fourth  state  of  matter).  Bowker 
holds  that  concrete  matter  is  made  up  of  active  or  energized 
ions,  chips,  or  corpuscles;  whereas  the  universal  ether  consists 
of  passive  or  inert  *^ons.** 

Attraction. — ^The  grand  law  of  gravitation,  discovered  by 
Newton,  is  to  the  effect  that  every  portion  of  matter  in  the 
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universe  attracts  every  other  portion  with  a  force  which  varies 
directly  as  the  mass  or  quantity  of  matter  in  the  bodies,  and 
inversely  as  the  square  of  the  distance.  The  term  gravity  is 
applied  to  the  attractive  force  which  the  earth  has  for  bodies 
on  or  near  its  surface. 

In  addition  to  this  molar  form  of  attraction  active  at  sen- 
sible distances,  the  molecules  of  each  substance  are  held  together 
by  molecular  attraction,  and  the  atoms  by  chemism,  or  chemic 
affinity,  which  is  similar  to,  "if  not  identic  with,  magnetism. 
Molecular  attraction  is  of  two  general  kinds :  cohesion,  or  that 
between  like  molecules;  and  adhesion,  or  that  between  unlike 
molecules.  The  continuity  of  a  drop  of  water  is  an  example  of 
cohesion ;  water  Wetting  the  finger  is  an  illustration  of  adhesion. 
Both  cohesion  and  adhesion  are  forms  of  surface-action.  When 
the  action  of  gravity  is  suspended,  cohesion  causes  a  liquid  to 
assume  the  globular  shape.  Heat,  the  repellent  force,  is  the  great 
antagonist  of  cohesion,  whereas  it  may  aid  adhesion,  as  in  the 
case  of  most  solutions.  In  solids,  cohesion  prevails  over  the  re- 
pellent force;  in  liquids  the  two  forces  are  about  equal,  and  the 
molecules  move  around  each  other  freely;  in  gases  the  repellent 
force  predominates;  so  that  the  tendency  of  a  gas  is  always 
toward  greater  expansion. 

Weight  is  the  measure  of  gravity.  When  we  say  an  object 
weighs  a  pound  we  mean  that  the  earth,  as  a  whole,  draws  it 
to  an  extent  balanced  by  this  certain  weight.  The  greater  the 
mass  of  the  object  and  the  nearer  it  is  to  the  surface  of  the 
earth,  the  greater  the  attraction  and  also  the  weight.  At  the 
center  of  the  globe  a  body  would  weigh  nothing  at  all,  since 
the  attraction  of  the  encompassing  world-matter  is  equal  in 
all  directions.  A  fluidounce  of  water  weighs  456  grains.  To 
find  tihe  weight  of  a  given  volume  of  water  divide  by  0.96 
(avoirdupois)  or  by  1.05  (Troy  ounces). 

Specific  gravity  is  the  relative  weight  of  a  substance  as  com- 
pared, under  similar  circumstances  of  temperature  and  pressure, 
with  an  equal  volume  of  another  substance  taken  as  a  standard. 
Water  is  the  standard  for  both  solids  and  liquids ;  air  or  hydro- 
gen for  gitses.  In  the  latter  instance  we  sp.eak  of  the  compara- 
tive weight  as  density,  rather  than  specific  gravity. 

Porosity. — ^The  existence  of  inconceivably  minute,  though 
relatively  large,  spaces  between  the  molecules  has  already  been 
noticed.  It  is  into  these  pores  that  in  case  of  a  solution  the 
particles  of  the  dissolved  substance  enter.  The  extent  of  these 
interspaces  is  increased  by  molecular  motion  (heat)  ;  hence,  hot 
liquids,  as  a  rule,  can  dissolve  more  of  a  given  substance  than 
cold  ones.  *  The  hardest  and  densest  metals  can  be  made,  under 
hydraulic  pressure,  to  show  the  presence  of  pores. 

XKperiment. — Mix  60  c.c.  each  of  water  and  alcohol.  Take  the 
reading  again  in  ten  minutes,  and  note  how  much  it  falls  short  of  100 
c.c 
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Compressibility.- — This  property  obviouely  depends  on  the 
preceding  one,  and,  as  we  might  expect  from  the  relative  dia- 
tanceB  between  the  component  moleculofl,  gaeeB  are  more  com- 
pressible than  aolids,  and  these  usually  more  go  than  liquids. 
That  most  liquids  are  leas  capable  of  compreeaion  than  most 
solids  IB  due  largely  to  the  absence  in  fluids  of  sensible  pores 
or  intorapnces.  The  compressibility  of  solids  is  Illustrated  by  the 
stamping  of  coins  with  dies. 

Elasticity. — By  this  term  is  meant  the  tendency  of  a  body 
to  return  to  its  original  shape  after  being  compressed,  stretched, 
bent,  or  twisted,  from  which  we  have  the  four  kinds,  namely : 
elasticity  of  compression,  of  tension  or  traction,  of  flexure,  and 
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of  torsion.  The  first  form  is  a  general  property  of  matter, 
though  varying  greatly  in  different  substances.  Gases  are  the 
moat  elastic  form  of  matter;  liquids  come  next  In  order;  solids 
are  very  variable. 

Inertia. — There  is  always  a  cause  for  every  effect,  and  the 
property  of  inertia  signifies  that  nothing  material  can  of  itself 
change  Its  position  or  condition.  Without  the  influence  of  ex- 
ternal agents  everything  in  the  world  would  remain  the  same, 
inert  and  unvarictl  for  all  time.  The  active  agents  of  natural, 
as  opposed  to  artificial,  changes  are,  first  of  all,  the  bacteria, 
those  teeming  micro-organisms  which  keep  going  the  circle  of 
life  on  the  planet  by  breaking  down  dead  animal  and  vegetable 
matter  into  more  simple  and  available  forms  for  living  things. 
Moat  of  these  eerme  are  Innocnons,  but  some  give  rise  to  deadly 
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chemic  products,  which  are,  in  turn,  responsible  for  infectious 
diseases. 

JCobility. — All  matter  is  in  a  state  of  constant  motion ;  rest 
is  only  a  relative  term.  We  may  distinguish  between  mechanic 
(visible  or  sensible)  change  of  place  and  invisible  motion,  molec- 
ular and  atomic — ^the  former  giving  rise  to  the  physical  forces 
of  heat,  light,  magnetism,  and  electricity;  the  latter  to  the  mani- 
fold manifestations  of  chemic  energy. 

Velocity  is  the  rate  of  motion  in  any  given  time.  Momen- 
tum, or  quantity  of  motion,  is  the  product  of  velocity  and  the 
mass.  Force  is  that  which  causes,  alters,  or  arrests  motion. 
Energy  is  the  capacity  for  doing  work ;  it  depends  on  the  union 
of  motion  and  mass.  Potential  energy  refers  to  position  or  con- 
dition, as  of  the  water  in  a  mill  dam  above  the  wheel ;  or  of  water 
vapor,  which,  in  condensing,  gives  out  the  amount  of  heat 
required  for  evaporation.  The  potential  energy  of  a  pound  of 
coal  (11,000,000  foot-pounds)  is  equivalent  to  a  hard  day's  work 
by  a  strong  man.  Actual,  or  kinetic  energy,  is  that  of  matter  in 
motion.  Plants  generate  potential  energy,  which  animals  render 
kinetic.  The  measure  of  kinetic  energy  is  one-half  the  product 
of  the  mass  times  the  square  of  the  final  velocity.  There  is  a 
general  tendency  toward  the  conversion  of  all  forms  of  energy 
into  heat. 

Work  is  energy  applied  to  overcome  resistance.  In  Nature, 
whenever  any  change  can  accomplish  work,  it  will  proceed  when 
resistance  is  absent.  The  unit  of  work,  according  to  the  English 
system,  is  the  foot-pound :  that  is,  the  amount  of  force  required 
to  raise  one  pound  one  foo^  in  height ;  the  corresponding  metric 
unit  is  the  kilogrammeter.  A  horse-power  is  equivalent  to  33,- 
000  foot-pounds  per  minute.  Machines  gain  in  force,  but  lose 
in  space. 

In  the  C.  G.  S.  (centimeter-gram-second)  system,  the  dyne 
is  the  unit  of  force.  It  is  equivalent  to  the  weight  of  1.02  mg. 
A  megadyne  is  a  million  dynes.  The  erg  (one  dyne  acting 
through  1  cm.)  is  the  unit  of  work;  a  mej^aerg,  1,000,000  ergs. 
A  horse-power  equals  7458  megaergs.  The  joule  (Wj)  repre- 
sents 10*  ergs.  The  poundal  is  a  unit  of  force  acting  on  one 
pound  for  one  second,  generating  a  velocity  of  one  foot  per 
second.    A  watt  equals  one  joule  per  second. 

The  grandest  law  in  Nature  is  that  of  the  conservation 
and  correlation  of  forces :  nothing  is  wasted,  nothing  lost.  The 
rays  of  the  sun  have  produced  coal,  the  coal  serves  as  fuel  to 
the  steam  engine,  the  engine  runs  the  electric  dynamo,  and  the 
latter  gives  back  the  heat  and  light  first  furnished  by  the  sun. 

SPECIAL  FBOFEBTIES  OF  KATTEB. 

The  special  properties  of  particular  substances  are  modi- 
fications of  the  general  attributes  of  matter.    The  three  states 
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of  matter — solid,  liquid,  and  gaseous — are  dependent  upon  the 
balance  between  cohesion  and  heat:  in  other  words,  on  the  dis- 
tance between  tlie  molecules.  Every  gas  and  liquid  can  be  con- 
verted into  the  liquid  or  solid  state  bv  two  methods,  namely: 
by  cold  and  by  application  of  pressure,  singly  or  combineii. 
Nearly  all  solids  likewise  can  be  melted  into  liquids  and  then 
vaporized.  A  few  solids — sulphur,  for  example — pass  directly 
into  the  gaseous  form  on  heating  sufficiently. 

SOLIDS. 

The  peculiar  properties  of  solids  worthy  of  mention  arc 
hardness,  brittleness,  tenacity,  malleability,  ductility,  elasticity, 
flexibility,  viscosity,  and  crystallizability.  All  of  these  are 
simply  modifications  of  the  essential  property  of  cohesion. 

By  the  term  hardness  is  meant  resistance  to  scratching  or 
mechanic  erosion.  We  say  that  iron  is  hard,  lead  soft.  The  de- 
gree of  hardness  bears  no  relation  to  density ;  lead  is  half  again 
as  heavy,  or  dense,  as  iron.  We  judge  of  the  relative  hardness 
of  any  substance  by  comparing  it  with  others  taken  as  stand- 
ards. Mineralogists  use  a  convenient  table  of  ten  minerals,  each 
of  which  represents  a  certain  degree  of  hardness  corresjwnding 
with  a  certain  nimiber.    The  scale  is  as  follows : — 

1.  Talc.  (J.  Orthoolnsc. 

2.  Gypsum.  7.  Quartz. 

3.  Calcite.  8.  Topaz. 

4.  Fluorspar.  9.  Corunduin. 

5.  Apatite.  10.  Diamond. 

The  diamond  is  the  hardest  known  substance.  It  is  used 
in  miners'  drills  and  for  cutting  glass;  the  cheaper  glass- 
cutters  are  made  of  steel.  Hard  bodies  are  much  used  as  polish- 
ing powders,  among  which  may  be  mentioned  emery,  pumice, 
tripoli,  and  diamond  dust.  Blacksmiths  and  workers  in  iron  and 
steel  harden  tools  and  implements  "by  dipping  them,  while  heated, 
into  cold  water.  This  process,  called  tempering,  usually  renders 
the  metal  more  brittle.  The  best  quality  of  glass  is  allowed  to 
cool  slowly,  thereby  becoming  tougher  and  stronger;  the  proc- 
ess is  known  as  annealing. 

Brittleness  is  a  lack  of  cohesive  power,  shown  by  the  body 
breaking  when  subjected  to  a  moderate  strain  or  to  a  fall  or 
blow.  AH  brittle  substances  are  hard;  but  the  converse  is  not 
true.  The  well-known  brittle  quality  of  glass  has  become  a 
proverb  the  world  over. 

Experiment. — With  a  thrce-coriiorcd   filo  make  a  slight  cut  in  a 

glass  tube.     Place  a  thumb  on  either  side  of  the  cut,  on  the  opposite 

surface  of  the  glass.     With  the  remaining  fingers  make  pressure  toward 
the  thumbs.     A  neat  fracture  takes  place  readily. 

When  a  body  is  once  broken,  it  is  usually  impossible  ttf 
press  the  fragments  close  enough  together  for  cohesion  to  act. 
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Glass  and  china  can  be  mended  only  by  the  use  of  a  different 
adhesive  material,  termed  cement,  which  forms,  as  it  were,  a 
connecting  link  between  the  broken  pieces.  In  the  case  of 
wrought  iron,  however,  a  break  can  be  remedied  by  the  opera- 
tion of  welding,  by  which  the  molecules  of  the  separate  frag- 
ments are  made  to  flow  around  each  other  in  the  molten  state, 
aided  by  the  use  of  the  hammer.  Freshly  cut  lead  can  be  made 
to  cohere  again  on  strong  pressure. 

Experiment. — ^Take  two  glass  slides  and  place  between  them  a  few 
drops  of  water,  pressing  out  the  latter,  and  with  it  the  atmospheric 
air.  Considerable  force  will  be  required  to  pull  the  pieces  apart.  What 
two  things  are  concerned  in  the  resistance  to  the  pulling  efforts? 

Tenacity  is  that  property  of  matter  by  virtue  of  which  it 
sustains  weight  and  resists  a  pulling  force.  The  property  varies 
greatly  in  different  substances,  and  even  in  the  same  body.  A 
piece  of  wood,  for  instance,  is  more  tenacious  in  the  direction  of 
the  grain  than  across  it.  Tensile  strength  is  lessened  by  con- 
tinuous strain.  An  iron  wire  ^0  iuch  in  diameter  will  sustain 
a  weight  of  700  pounds.  A  band  of  fresh  himian  muscle,  1  sq. 
cm.  in  cross-section,  was  able  to  resist,  without  rupture,  a  weight 
of  14  kg.  (McAlister).  Closely  related  to  tenacity  are  the 
properties  of  elasticity,  ductility,  and  malleability. 

Elasticity  of  compression  is  a  general  property  of  matter. 
Elasticity  of  flexure  or  bending,  extension  or  stretching,  and 
torsion  or  twisting  are  restricted  to  solids.  It  is  evident  that 
in  an  elastic  body  the  molecules  return  nearly  or  quite  to  the 
relative  positions  th^  occupied  before  being  acted  upon  by  the 
outside  force  or  stress. 

Malleable  bodies  are  such  as  can  be  hammered  or  rolled 
into  sheets.  Gold  and  copper  are  the  most  noteworthy  of  the 
metals  in  this  respect.  A  piece  of  the  former  metal  can  be 
beaten  into  a  film  ^00000  ot  an  inch  in  thickness,  and  to  650,000 
times  the  original  area. 

A  ductile  substance  is  one  that  can  be  drawn  out  into  threads 
or  wires.  Platinum  can  be  spun  into  a  web  finer  ( >4ooooo  inch) 
than  that  of  the  spider.  Gold,  iron,  and  copper  are  also  remark- 
ably ductile.  Certain  substances — as  sugar,  waxes,  quartz,  soap- 
stone,  and  glass — are  ductile  when  heated  sufficiently,  and 
dresses  even  have  been  woven  out  of  glass.  Owing  to  increase  of 
density,  the  strength  or  tenacity  of  a  body  is  increased  when  it 
has  been  drawn  into  wire  or  rolled  or  hammered.  It  is  rendered 
more  elastic  and  at  the  same  time  more  brittle. 

A  flexible  body  is  one  which  will  bend  without  breaking. 
It  is  usually  also  more  or  less  elastic.  In  the  case  of  a  flexed 
body  the  molecules  on  the  inner  side  must  be  crowded  closer 
together,  while  on  the  outer  aspect  they  are  drawn  farther  apart. 
Metallic  rods  and  wires,  particularly  copper,  are,  as  a  rule,  quite 
flexible.     Certain  brittle  materials  are  readily  bent  on  heating. 
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Experiment.— Hold  a  piece  of  toft  glass  tubing  in  the  flame.  In 
a  few  seconds  the  glass  can  be  bent,  heated  portion  inward,  to  an; 
required  angle. 

Viscosity  ia  k  property  exhibited  by  some  brittle  substances, 
on  account  of  which  they  yield  and  bend  under  continued  stress. 
If  we  fasten  a  piece  of  sealing  wax  horizontally  by  one  end,  and 
to  the  other  attach  a  weight,  in  course  of  time  the  wax  will  be 
seen  to  be  bent  downward.  Ice  is  viscous,  as  shown  by  glaciers 
conforming  to  the  shape  of  the  valleys  through  which  they  slowly 
move- 
Crystalline  bodies  are  such  as  have  a  more  or  leas  regular 
shape.  Most  natural  inorganic  eubstancee  are  cryatalline;  for 
example,  common  salt,  alum,  and  sulphate  of  copper.  Those 
substances  which  are  not  crystalline  are  termed  amorphous :  that 
is,  without  form. 


FlB.  2.— CapllluT  Attraction  and 


uaviDs. 

A  useful  and  remarkable  property  manifested  by  liquids  is 
that  of  capillary  attraction  and  repulsion. 

Experiment. — Hold  a  fine  glass  tube  in  a  beaker  of  water,  and 
anotber  in  a  beaker  containing  mercury.  The  water  rises  in  the  capil- 
larj  tube,  because  the  adhesion  between  the  two  is  greater  than  the 
rohesiTe  force  of  the  water.  The  mercuTy  is  apparently  repelled  by  the 
glass,  since  the  cohesion  of  the  metallic  liquid  is  greater  than  its  attrac- 
tion for  the  glass.  , 

The  most  mailed  examples  of  these  phenomena  are  seen 
in  the  smallest  tubes,  as  a  greater  relative  surface  is  thus  pro- 
vided for  the  exercise  of  attraction  or  apparent  r^ulsion- 
Capillary  action  is  of  immense  importance  in  Nature  and  in 
everyday  life.  In  this  way  the  sap  rises  in  plants  and  the  oil 
in  the  lamp,  the  blotting  paper  takes  up  ink,  the  towel  dries 
our  hands,  and  the  filter  paper  separates  liquids  from  undissolved 
solids - 

By  the  diffusion  of  liquids  is  meant  their  natural  unaided 
physic  admixture  when  their  surfaces  are  brought  into  contact- 
This  process  will  take  place,  though  more  slowly,  when  the  lighter 
fluid  is  placed  on  top  the  heavier,  as  alcohol  on  water.  Some 
liquids  will  not  mix  with  each  other  directly  at  all. 
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Brpetlmeiit.— Shake  a  littla  water  in  a  teat  tube  with  an  equal 
quantity  of  oil   of   turpentine,  and  notice   how  quicklj-  thev  Beparate. 

Whioh  goes  to  the  top! 

Water  and  alcnliol,  but  not  water  and  ether,  mix  in  all 
proportions  homoRfiieously,  with  contraction  and  increase  of 
temperature.     By  heating,  all  liquids  may  become  raiscible. 

The  slower  diffusioD,  or  passage,  of  tii'o  liquids  into  each 
other  through  parchment  paper  or  an  animal  membrane  is  called 
osmosis.  Generally  speaking,  the  lighter  of  two  liquids  traverses 
a  porous  septum  more  rapidly  than  the  heavier  one;  its  flow  is 
termed  eudosmose;  that  of  the  heavier  liquid,  exosmosc. 
Crystalline  substances  have  usually  smaller  molecules  than  amor- 
phous ones;  hence  they  pass  more  quickly  through  a  porous 
partition.  Cane  sugar  diffuses  seven  times  as  fast  as  albumin. 
Bodies  capable  of  ready  osmosis  are  therefore  termed  crystalloids 
(diffusatea) ;  those  otherwise  constituted  are  celled  colloids 
(dialysates),  which  means,  literally,  glue-like.  Colloids  in  the 
soluble  state  are  termed  sols  (hydrosols  in  water) ;  in  the  solid 
state,  gels. 

The  operation  of  separating  colloids  from  crystalloids  has 
been  termed  dialysis.  By  this  process  any  crystalline  poison, 
such  as  arsenic  or  strychnin,  can  be  easily  separated  from  the 
colloid  food  contents  of  the  stomach,  in  a  case  of  suspected  poison- 
ing. Dialysis  is  also  of  use  in  the  preparation  of  dialyzed  iron 
and  some  other  drugs.     (See  also  under  "Osmosis.") 

Surface  Tension. — All  liquids,  says  Draper,  act  as  though 
their  superficial  layer  was  subjected  to  tension  which  exerts  a  con- 
tractile force  or  pressure  upon  their  interior  mass,  owing  per- 
haps to  the  unbalanced  inward  attraction  on  t!ie  outermost  layer 
of  molecules.  This  surface  tension  acts  as  an  elastic  limiting 
membrane,  tending  to  draw  the  particles  of  liquid  to  the  smallest 
possible  compass  and  form;  namely,  a  sphere,  as  exemplified  by 
Boap  bubbles.  The  apparent  repulsion,  with  floating,  of  dry  or 
greasy  bodies  (sulphur,  arsenous  oxid,  a  sewing  needle)  heavier 
than  water,  illustrates  this  tension  from  the  external  point  oF 
view.  Sublimed  sulphur,  placed  carefully  on, the  surface  of  cold 
urine  containing  bile-pigment,  settles  quickly,  hut  slowly,  or  not 
at  all,  in  normal  urine.  The  difference  is  due  to  some  alteration 
of  surface  tension.  Alcohol,  chloroform,  phenol,  etc.,  in  the 
urine,  simulate  bile-pigment  in  this  test. 

Fresiure  of  Liquidi,— The  perfect  fluidity  of  water  and 
most  other  liquids  accounts  for  the  well  attested  fact  that  at 
any  given  point  in  a  liquid  the  pressure  is  the  same  in  all 
directions:  up,  down,  or  horizontally.  This  pressure  is  due  to 
gravity, — that  is,  to  the  weight  of  the  superincumbent  liquid, — 
and.  hence,  of  course,  increases  with  the  depth.  The  pressure  at 
the  bottom  of  the  sea  is  500  to  600  kg.  per  sq.  cm. 


Experiment. — To  si 
word:     Attach  a  string 


V  tliftt  water  pre^aea  upward  a 


}  the  center  of  a  metal  disk  large  enough  to 
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cover  the  bottom  of  a  glass  cylinder;  a  small  lamp  chimney  will  answer. 
Draw  the  string  through  the  tube,  holding  it  taut,  and  press  the  cylin- 
der down  into  a  vessel  of  water.  At  the  depth  of  a  few  inches,  one  may 
let  go  the  string,  and  the  upward  pressure  of  the  liquid  will  keep  the 
disk  from  sinking. 

Experiment. — ^To  prove  that  at  the  same  point  the  pressure  is 
equal  horizonjtally  and  perpendicularly:  Take  two  long  glass  tubes,  and 
bend  one  end  of  each  to  form  a  U,  the  open  end  of  this  facing  upward 
in  one,  outward  in  the  other,  both  openings  being  at  the  same  level. 
Pour  a  fluidram  of  mercury  into  each  tube  and  immerse  the  U-ends  in 
a  deep  glass  vessel  of  water.  The  quicksilver  will  rise  in  both  tubes  to 
the  same  height. 

The  free  molecular  movements  and  equal  transmission  of 
pressure  in  liquids  cause  their  surface  to  be  always  level  when 
at  rest,  since  in  this  condition  only  is  equilibrium  possible; 
or,  as  expressed  in  the  old  saying :  "Water  seeks  the  lowest  level." 
Masons,  carpenters,  and  surveyors  make  use  of  a  spirit  level  for 
determining  horizontal  lines  and  planes.  This  instrument  con- 
sists of  a  slightly  curved  tubular  glass  receptacle  set  for  con- 
venience in  a  block  of  hard  wood,  and  nearly  filled  with  alcohol. 
A  small  space  is  thus  left  for  an  air-bubble,  which  rises  to  the 
center  of  the  glass  when  the  instrument  is  hori?5ontal. 

On  account  of  the  equal  distribution  of  pressure  in  all 
directions,  a  small  quantity  of  liquid  may  apparently  counter- 
balance a  much  larger  amount,  as  in  the  familiar  example  of 
the  tea  in  the  nozzle  and  the  body  of  the  teapot.  The  same  prin- 
ciple is  illustrated  in  the  hydraulic  press,  used  for  exerting  great 
pressure  or  for  lifting  great  weights.  This  apparatus  consists 
essentially  of  a  large  cylinder  perforated  by  a  narrow  conduit, 
each  fitted  with  a  piston.  When  the  water  is  passed  through  the 
small  tube  into  the  larger  space  it  exerts  on  the  sides  of  the 
latter  a  distending  force  as  many  times  greater  as  the  difference 
between  the  cross  section  of  the  pipe  and  the  inner  area  of  the 
cylinder.  Yet,  in  reality,  the  total  amount  of  energy  has  not 
been  increased,  since  the  smaller  piston  descends  a  correspond- 
ingly greater  distance  than  the  larger  one  rises. 

The  same  principle  of  hydrostatic  equilibrium  is  exemplified 
by  artesian  wells.  The  fountain  character  of  these  wells  is  due 
to  the  pressure  of  water  at  a  higher  level  upon  that  inclosed  in 
a  hollow  between  impervious  layers  of  clay,  and  which  is  tapped 
by  boring.  "Water  cannot  rise  higher  than  its  source,"  and, 
owing  to  friction  of  soil  and  air,  the  heights  of  these  wonderful 
fountains  are  probably  much  below  the  level  of  their  origin. 

Pressure  on  Immersed  Bodies. — The  difference  between  the 
pressures  on  the  upper  and  lower  surfaces  of  a  body  immersed 
in  a  liquid  is  evidently  equal  to  the  weight  of  the  liquid  dis- 
placed, since  such  pressure  increases  in  exact  proportion  with 
the  depth.  This  difference  represents  likewise  the  apparent  loss 
of  weight  of  a  solid  substance  when  immersed  in  a  liquid,  or  the 
so-called  buoyant  force  of  liquids. 
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Exi^eriment. — Weigh  a  piece  of  iron  in  air  and  then  suspend  in 
water.  How  much  does  it  appear  to  lose  in  weight?  Now  weigh  the 
water  and  vessel  before  and  after  immersion  of  iron.  How  much  do  they 
appear  to  gain  in  weight? 

Since  the  apparent  loss  of  weight  of  the  solid  equals  the 
weight  of  liquid  displaced,  it  is  easy  to  find  by  simple  com- 
parison their  relative  weights,  which  in  the  case  of  water  is 
called  specific  gravity.  To  find  the  specific  gravity  of  the  iron 
in  the  above  experiment,  we  need,  therefore,  only  to  divide  its 
weight  in  air  by  its  apparent  loss  of  weight  when  weighed  in 
water. 

If  we  use  metric  measures  the  solid  need  be  weighed  only 


Fig.   3.— Hydrostatic  Balance. 


in  air.  It  is  then  placed  in  a  carefully  measured  quantity  of 
water  in  a  metric  graduate.  The  number  of  c.c.  the  water  rises 
is  equivalent  to  the  mass  of  the  solid,  and  a  comparison  of  this 
rise  with  the  weight  in  grams  of  the  solid  shows  at  once  the 
specific  gravity.  This  applies  to  fine  powders  as  well  as  con- 
crete masses. 

Experiment. — Find  the  sp.  gr.  of  a  silver  dollar. 

The  volume  of  an  irregular  body  is  readily  estimated  by 
weighing  it  in  air  and  then  immersing  it  by  a  string  in  water 
and  weighing  again.  The  apparent  loss  of  weight  in  grams 
equals  the  volume  of  the  body  in  cubic  centimeters.  By  specific 
volume  is  meant  the  reciprocal  of  the  sp.  gr.,  Lc,  the  volume  of 
unit  mass. 

If  a  solid  is  soluble  in  water,  we  may  ascertain  its  relative 
weight  in  some  other  liquid  not  a  solvent,  multiplying  the  result 
by  the  known  sp.  gr.  of  the  liquid  employed. 
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Experiment. — Find  sp.  gr.  of  cane  sugar,  using  turpentine  as  a 
medium. 

With  solids  lighter  than  water  a  lead  sinker  is  attached. 
The  calculation  is  made  as  for  heavy  substances,  bearing  in  mind, 
however,  that  the  light  object  weighed  in  water  appears  to  lose 
its  own  weight  and  more.  For  example,  a  piece  of  lead  weighing 
10  gm.  in  water  has  attached  to  it  a  piece  of  cork  weighing  2  gm. 
in  air.  The  two  now  weighed  in  water  weigh  4  gm.  The  ap- 
parent loss  of  weight  is  12  —  4^8  gm.  Dividing  2  gm.,  the 
weight  of  the  cork,  by  8  gm.,  its  apparent  loss  of  weight  in  water, 
we  find  its  sp.  gr.  to  be  0.25. 

The  picnometer,  or  specific  gravity  flask,  is  a  thin,  round 
bottle  with  a  perforated  glass  cork  and  a  counterpoise.  The 
flask  is  usually  made  to  contain  from  10  to  100  gm.  or  c.c.  of 


/< 


Pig.  4.— Picnometer. 


Pig.  5.— Hydrometer. 


water  at  15°C.  If  when  filled  with  chloroform  the  weight  of 
contents  is  15  gm.  in  a  10  gm.  bottle,  we  know  that  the  sp.  gr.  of 
the  liquid  is  1.5. 

Experiment. — Find  the  sp.  gr.  of  alcohol  with  the  picnometer. 

The  sp.  gr.  of  liquids,  however,  is  usually  taken  with  the 
hydrometer,  which  is  an  instrument  consisting  of  a  graduated 
stem  above,  a  hollow  cylinder  midway,  and  a  bulb  below  con- 
taining quicksilver  or  shot.  The  instrument  depends  on  the 
theorem  of  Archimedes,  that  a  body  immersed  in  a  liquid  dis- 
places its  own  volume  and  loses  weight  equal  to  the  weight  of 
the  liquid  displaced,  and  that  the  immersed  body  sinks  until 
it  has  displaced  a  volume  of  the  liquid  equal  to  its  own  weight. 

The  stem  of  the  instrument  is  marked  so  that  the  surface 
reading  is  1.000  for  pure  water  (at  15**  C,  unless  otherwise  stated 
— U.  S.  P.,  25**C.),  and  so  on  up  or  down  with  solutions  of 
known  sp.  gr.  The  Baume  scale  instruments  are  of  two  kinds: 
for  liquids  lighter  than,  and  for  those  heavier  than,  water.  The 
Baum6  hydrometer  is  graduated  by  taking  a  10-per  cent,  solu- 
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tion  of  sodium  chlorid  as  10°  on  the  scale.  The  reading  is  gen- 
erally taken  at  the  top  of  the  nieniacua,  or  little  ring  of  liquid 
clinging  upward  around  the  stem  of  tlie  instrument.  Modifica- 
tions of  the  hydrometer  for  special  fluids  are  the  iirinoraeter,  the 
lactometer  (for milk),  salimetera,  saccharimetere,  vinometere,  and 
alcoholimcters. 

The  influence  of  surface  tension,  which  is  different  for  dif- 
ferent liquids,  at  Uie  place  where  the  stem  of  a  hydrometer  comes 
in  contact  with  the  surface  of  a  liquid,  may  produce,  says  Traubs, 
an  error  of  from  two  to  four  units  in  the  third  decimal  place;  so 
that  the  same  hydrometer  is  applicable  only  for  a  single  liquid. 

The  sp.  gr.  of  liquids  can  also  be  determined  by  weighing  a, 


Fig.   B,— Wralphal   SpeclBc   Ora' 

solid  body  of  known  weight  in  tlioni.  It  is  evident  that  the  ap- 
parent loss  of  weight  of  the  solid  is  greater  in  the  heavier  liquid 
than  in  the  lighter  one,  and  their  relative  densities  are  obtained 
by  a  simple  ratio.  For  example,  a  piece  of  iron  loses,  let  us  say, 
2  gm.  by  weight  in  water,  1.45  gm.  in  ether;  the  Bp.  gr.  of  ether 
is  the  ratio  of  1.45  to  2,  or  0.72J.  This  principle  is  utilized  in 
the  convenient  Westphal  balance,  consisting  of  a  notched  beam 
attached  at  one  end  to  a  perpendicular  support,  and  having  at  the 
other  end  a  hook  supporting  a  rider,  a  thermometer,  and  a  glass 
plummet.  When  these  are  immersed  in  distilled  water  at  15''C. 
the  arm  of  the  instrument  is  exactly  horizontal.  In  liquids  other 
than  water  the  sp.  gr.  ia  read  at  a  glance  from  the  numbered 
notelies  on  which  riders  of  various  sizes  are  placed  in  order  to 
bring  the  arm  to  the  horizontal.  The  sp.  gr.  of  wuter  at  100''C. 
is  0.95859. 
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The  sp.  gr.  of  crystals  is  determined  with  great  precision  by 
floating  the  crystal  on  the  surface  of  methylene  iodid  in  o  sep- 
aratory  funnel,  then  adding  benzene  until  the  crystal  floats  just 
in  the  middle  of  the  liquid,  the  sp.  gr.  of  which,  us  detenuined 
by  the  hydrometer,  is  now  the  same  as  that  of  the  crystal. 

OASES. 

The  constitution  of  gases  is  in  many  respects  more  simple 
than  the  structure  of  solids  or  liquids.  The  Italian  physicist 
Avogadro  and  the  French  electrician  Ampere  discovered  and 
demonstrated  about  the  same  time  the  following  law:  Equal 
volumes  of  all  bodies  in  the  gaseous  state  and  at  the  same  tem- 
perature contain  the  same  number  of  molecules.  The  neces- 
sary corollaries  of  this  principle  are,  first,  all  gaseous  molecules 
occupy  the  same  space;  second,  the  relative  weights  of  any 
two  gases  are  to  each  other  as  the  weights  of  their  molecules. 

The  volume  of  a  confined  gas  is  inversely  proportional  to 
the  pressure  brought  to  bear  upon  it.  This  statement  is  called 
Mariotte's  law.  One  atmosphere  (7(50  mm.  of  mercury)  is  taken 
as  the  standard  of  pressure.  Specific  volume  is  the  volimie  in 
c.c.  of  a  gas  which  1  gm.  occupies  at  0°  and  760  mm.  barometric 
pressure. 

Charles's  law  is  to  the  effect  that  the  volume  of  any  sub- 
stance in  the  gaseous  state  varies  directly  as  the  absolute  tem- 
perature. It  has  been  found  that  a  lowering  of  temperature 
from  1°  to  0**C.  reduces  tlie  volume  of  a  gas  by  ^is^  or  vice 
versL  Hence  at  a  point  273°  below  zero  (the  temperature  of 
interstellar  space),  all  molecular  motion  must  cease  and  the 
molecules  be  in  contact  with  each  other.  This  is  called  the 
absolute  zero,  from  which  absolute  temperature  is  reckoned.  In 
calculating  the  volume  of  a  gas  zero  centigrade  is  considered  the 
standard. 

The  kinetic  theory  of  gases  assumes  that  the  mean  velocities 
of  the  molecules  of  gases  are  inversely  proportional  to  the  square 
roots  of  their  densities.  The  tendency  to  expansion  exhibited  by 
all  gases  is  due  to  the  repulsion  between  the  molecules.  All  gases 
expand  at  a  uniform  rate  (co-elficient  of  expansion)  for  equal 
increments  of  heat:  ^%ooo  increase  in  volume  for  every  degree 
above  0"^  C.  The  constant  tendency  of  an  inclosed  gas  to  escape 
from  its  container  is  called  its  tension,  pressure,  or  elastic  force, 
and  this  can  be  measured  by  a  mercurial  manometer.  The  ten- 
sion and  the  density  of  an  inclosed  gas  vary  inversely  as  its 
volume.  Boyle's  law  states  that  the  product  of  the  pressure  times 
the  corresponding  volume  of  gas  is  always  constant  when  the 
temperature  is  the  same.  Saturated  vapors  do  not  follow  the 
lioyle-Mariotte  law.  The  rupturing  force  of  explosive  com- 
pounds depends  on  the  liberation  of  a  large  amount  of  gases  in 
a  very  short  time.     Dynamite  is  said  to  explode  in  ^4000  second. 

The  diffusion,  or  mixing,  of  one  gas  with  another  depends 
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upon  tension,  and  the  rapidity  of  diffusion  varies  inversely  as 
the  square  root  of  the  density  of  each  gas.  Wet  membranes 
allow  the  diffusion  of  soluble  gases  more  readily  than  do  dry 
ones,  as  exemplified  by  the  diffusion  of  carbon  dioxld  from  the 
blood  into  the  lungs.  Damp  walls  are  unhealthful,  because  they 
prevent  normal  diffusion  of  air. 

We  live  at  the  bottom  of  an  aerial  ocean  at  least  ten  times 
as  deep  as  the  watery  oceans  which  envelop  the  land.  The  air, 
like  all  gases,  is  a  perfect  fluid,  and  hence  subject  to  all  the 
laws  of  pressure  and  equilibrium  of  liquids.  The  pressure  of 
the  atmosphere  at  sea-level  is  about  15  pounds  to  the  square 
inch,  or  the  equivalent  of  the  weight  of  a  column  of  mercury 
760  mm.,  or  30  inches,  in  height.     As  we  ascend  from  tHe  level 
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Pig.  7.— Mercurial  Barometer. 


of  the  ocean  the  atmospheric  pressure  gradually  lessens,  so  that 
at  Denver,  for  instance,  it  will  sustain  a  column  of  mercury  but 
25  inches  high,  and  at  an  altitude  of  334  miles  only  15  inches. 
The  barometer  is  an  instrument  for  measuring  atmospheric  pres- 
sure. It  was  invented  by  Torricelli  in  1643,  and  consisted  of  a 
simple  glass  tube  closed  at  one  end.  The  tube  is  filled  with 
mercury  and  then  inverted  in  a  basin  of  the  same,  when  the 
metal  sinks  until  its  own  weight  equals  the  pressure  of  the  atmos- 
phere on  an  area  the  same  as  that  of  a^cross-section  of  the  tube. 
This  primitive  arrangement,  properly  graduated,  is  still  in  use 
under  the  name  of  the  cistern  barometer.  The  ordinary  mer- 
curial barometer  consists  of  a  long  arm  joined  to  a  short  one,  the 
former  being  closed  above,  the  latter  open.  The  space  above  the 
quicksilver  in  the  long  tube  is  termed  a  Torricellian  vacuum. 
The  difference  in  level  of  the  height  of  the  liquid  in  each  arm 
represents  the  atmospheric  pressure.  This  varies  with  altitude 
and  with  the  temperature  and  humidity  of  the  air.  At  sea-level 
in  fair  weather  it  is  760  mm.,  or  a  little  more  than  30*  inches. 
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Fair  weather  ia  manifested  by  a  high  barometer;   a  sudden  fall 
foretell  a  a  storm. 

It  is  readily  eeen  that  the  barometer  can  be  ueed  for  as- 
certaining the  heights  of  moimtainB  or  t!ie  distance  above  sea- 
level  at  any  eleyation.  For  this  purpose  the  convenient  aneroid 
barometer  is  usually  employed.  It  consists  of  an  hennetically- 
sealed,  flat,  circular  box  of  corrugated  slieet-iron  exhausted  of 
air.  The  sides  of  it  are  pressed  in  more  or  less  with  each  varia- 
tion of  atmospheric  pressure,  indicated  by  a  needle  on  the  , 
dial  face  connected  with  the  interior  arrangement  of  levers. 


To  find  the  altitude  in  feet,  approximately,  from  the  barom- 
eter, subtract  the  reading,  in  hundredths  of  an  inch,  of  the  higher 
altitude  from  that  of  sea-level  or  at  the  base  of  the  mountain, 
and  multiply  the  difference  by  10. 

On  atmospheric  pressure  depends  the  action  of  pumpa, 
siphons,  bulb-syringes,  pipets,  and  medicine-droppers.  The  pres- 
sure of  the  air  (at  sea-level)  will  sustain  a  column  of  water 
34  feet  in  height,  and  this  is  evidently  the  greatest  distance  that 
water  can  be  raised  by  means  of  a  suction  pump.  The  propelling 
force  of  a  liquid  in  a  siphon  is  equal  to  the  difference  between 
atmospheric  pressure  and  the  weight  nf  the  liquid  in  the  short 
arm,  minus  the  same  difference  in  the  ease  of  the  longer  arm. 

Light,  bulky  bodies  float  in  air  or  ai'e  borne  up  to  a  certain 
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degree  by  the  buoyant  force  depending  on  inequality  of  pressure 
at  different  depths.  For  this  reason,  a  pound  of  feathers  as 
weighed  in  air  weighs  more  than  a  pound  in  a  vacuum.  A 
balloon  may  rise  to  a  great  height,  because  of  ita  great  volume 
of  gas  lighter  than  air.  The  highest  ascent  was  that  of  Glaisher 
in  1861,  who  attained  an  elevation  of  over  36,000  feet. 

Gases  are  absorbed  by  liquids  and  solids,  the  absorption  in 
the  Utter  instance  being  termed  occhision.  The  amount  absorbed 
varies  greatly  for  different  gaaea,  increasing  with  increase  of 
pressure  and  decreasing  with  a  rise  in  temperature. 

By  co-efBcient  of  absorption  is  meant  the  amount  of  gas 
absorbed  by  one  volume  of  a  liquid  at  0°  C.  and  760  mm.  mercury 
pressure.  The  '"law  of  partial  pressures"  is,  that  the  solubility 
of  each  gas  in  a  mi.tture  is  proportional  only  to  its  individual 
pressure.  In  other  words,  the  absorption  of  each  gas  is  independ- 
ent of  all  the  rest.  In  most  instances  the  absorption  is  accom- 
panied by  feeble  chemic  action.  Charcoal  is  a  striking  example 
of  an  absorbent  solid,  taking  up  90  times  its  own  volume  of 
ammonia-gas.  Water  has  great  avidity  also  for  ammonia,  1 
volume  at  15°  C.  dissolving  783  volumes  of  the  gaa. 

Bzp«rlment.^Fill  a  iij  cylinder  with  ammonia  by  driving  this  gaa 

out  of  ammonia  water  with  the  aid  of  heat  and  collecting  by  upward 
di»p!(iceinent.  Place  the  cylinder,  mouth  downward,  in  a  vessel  of  water, 
ami  agitate  slightly.     Why  does  the  water  rise  in  the  cylinder  t 

The  sp.  gr.  of  a  gas  can  be  ascertained  by  filling  a  thin  glass 
globe  with  the  gas  and  comparing  its  weight  with  the  weight  of 
the  same  volume  of  air,  or,  more  frequently,  hydrogen  (density). 
Allowance  must  bo  made  mathematically  for  differences  in  tem- 
perature and  atmospheric  pressure. 

Three  or  more  volumes  of  combining  gases  condense  into  two 
volumes. 

Cardiac  failure  on  going  to  high  altitudes  is  due  to  sudden 
decrease  in  estracardinc  without  any  corresponding  decrease  in 
intracardiac  pressure,  which  remains  about  760  mm.,  as  shown 
by  manometer.  This  difference  leads  to  acute  cardiac  dilation. 
In  estimating  the  pressure  on  the  heart  (>  mm.  should  be  deducted 
for  the  tension  required  to  overcome  the  elastic  force  of  the 
air-cells. 

Barometric  Neuroses. — The  total  atmospheric  pressure  on 
the  adult  human  body  at  sea-level  is  about  fifteen  tons.  This 
pressure  may  vary  a  ton  either  way  with  weather  changes,  and 
so,  through  circulatory  effects,  take  part  in  causing  rheumatic 
pains,  headache,  drowsiness,  and  other  barometric  neuroses  in 
susceptible  individuals,  particularly  old  people  and  otiiers  with 
lessened  arterial  elasticity.  Hj-dropcopic  variations  in  the  tis- 
sues, due  to  changes  in  atmospheric  humidity,  may  also  play  a 
part.  Again,  the  relative  rarity  of  the  air,  consequent  deficiency 
of  oxygen,  owing  to  admixture  with  lighter  water  vapor  preceding 
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a  storm^  may  lead  to  malaise  and  exhaustion^  as  in  mountain 
ascents. 

Temperature  alterations^  from  the  liberation  of  latent  heat 
by  condensation  of  water  vapor  to  the  liquid  or  solid  form,  and 
the  heating  and  cooling  of  air  currents  by  adiabatic  compression 
and  expansion,  are  likewise  to  be  taken  into  account.  Electric 
storms  may  excite  severe  general  headache. 

Concerning  atmospheric  electricity,  small  amounts  of  the 
positive  variety  are  stimulating;  of  the  negative  (as  in  bad 
weather),  depressing.  These  neuroses,  says  Weir  Mitchell,  may 
occur  even  in  the  outer  limits  of  storm  conditions.  The  rain  or 
cloud  areas  may  be  200  or  300  miles  away,  yet  the  sufferer  be 
within  the  bounds  of  barometric  depression. 

HEAT. 

Heat  is  molecular  motion.  Cold  is  a  irelative  term,  sig- 
nifying merely  a  low  degree  of  heat.  The  principal  source  of 
heat,  both  directly  and  indirectly,  is  the  sun,  although  the  earth 
receives  only  about  a  two-billionth  part  of  the  solar  radiant 
energy.  The  sun  clothes  our  planet  with  vegetable  life,  which  is 
used  largely  for  fuel,  either  in  the  primary  condition  of  wood  or 
transformed  into  coal,  gas,  and  oil.  Tlie  earth  receives  in 
sunlight  14  horse-power  for  each  square  foot  of  surface  (Dolbear). 

The  fixed  stars  furnish  us  with  no  small  amount  of  heat. 
The  interior  of  the  earth  is  thought  to  be  in  a  molten  state  (with 
a  hard  central  core),  as  evidenced  by  volcanoes,  geysers,  and  hot 
springs.  The  temperature  increases  as  we  descend  into  the  earth : 
about  1®  F.  for  every  50  to  100  feet.  There  is  no  seasonal 
change  below  30  feet.  Atmospheric  temperature  diminishes 
about  1®  C.  for  each  rise  of  160  meters. 

Mechanic  friction,  percussion,  and  pressure  are  common 
causes  of  heat.  We  rub  our  hands  or  a  patient's  body  to  make 
it  warm.  Some  savage  peoples  still  start  their  fires  by  revolving 
the  sharpened  end  of  a  stick  of  wood  in  another  dry  piece.  It 
is  only  about  eighty-five  years  since  the  flint  and  tinder  were 
supplanted  by  matches.  A  beautiful  natural  illustration  of  the 
development  of  heat  by  friction  is  seen  in  the  ^'shooting  stars,'* 
celestial  bodies  of  low  density,  which  become  so  intensely  heated 
on  passing  through  our  atmosphere  as  to  burst  into  consuming 
flame. 

Artificial  heat  is  produced  generally  by  chemic  action,  espe- 
cially by  the  oxidation  (oxygen-combination)  of  substances  rich 
in  the  elements  of  carbon  and  hydrogen,  as  are  all  ordinary  fuels. 
The  fermentation  of  vegetable  substances  may  produce  sufficient 
heat  to  give  rise  to  spontaneous  combustion.  Carloads  of  ripe 
fruit  have  been  known  to  become  self-cooked  in  this  way.  Animal 
heat  originates  in  chemic  action,  namely :  the  oxidation  of  carbon 
and  hydrogen  in  the  tissues. 
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Substances  contain  a  store  of  cliemic  energy  or  invisible 
motion  inducing  thera  to  enter  into  combination.  If  heat  is 
evolved  in  a  reaction,  a  part  of  the  cheraic  energy  is  so  trans- 
formed. If  heat  is  absorbed,  it  is  rendered  latent  as  chemic 
energy.  According  to  the  law  of  Hess,  the  thermal  effect  of  any 
chemic  change  is  the  same  whether  the  change  consists  of  one 
phase  or  any  number  of  separate  phases. 

Tnnamission  of  Heat. — Tliis  occurs  in  three  ways:  by  con- 
duction, by  convection,  and  by  radiation.  Conduction  is  trans- 
mission  by  c-ontinuity  from  one  portion  of  a  body  to  another,  as 
when  an  iron  poker  grows  gradually  hot  from  the  end  which  is 
in  the  fire  to  the  opposite  extremity.  Different  substances  vary 
greatly  in  the  facility  with  which  they  carry  heat.  Metals,  as  a 
rule,  are  good  conductors.  Wood  is  a  poor  conductor;  hence  is 
used  for  the  handles  of  iron  culinary  vessels.  Air  ia  also  a  poor 
conductor.  Woolen  clothing  is  warmer  in  winter  and  cooler  in 
summer  than  other  fabrics,  because  of  its  loose  texture.  The 
air  it  contains  in  the  pores  prevents  the  inward  passage  of  heat 
to  the  body  in  summer  atid  the  outward  passage  of  body-wanntb 
in  winter-  Poor  conductors  are  employed  to  a  large  extent  for 
packing  purposes  to  prevent  freezing  or  tliawing.  Examples  of 
such  uses  are  sawdust,  for  ice,  straw  for  cellars,  and  asbestM  for 
water  pipes.  Gutta-percha  and  zinc-oxid  cements  are  poor  con- 
ductors, and  are  cnnmionly  employed  to  protect  the  pulp  before 
filling  a  cavity  with  a  dental  amalgam  alloy.  The  body  fat  is 
a  poor  conductor. 

Experiment. — To  prove  that  wntrr  is  a  poor  conductor  of  beat: 
P«pk  powdered  We  or  snow  firmlj'  at  the  bottom  of  a  test  tube,  and 
boil  the  upper  portion  of  tlic  water  above.  The  ice  or  snow  does  not 
tnelt.     Copper  ia  oOO  times  better  conductor  of  heat  than  water. 

In  convection  beat  is  diffused  by  currents  of  liquids  or  gases, 
the  warmer  portion  of  the  fluid  rising  while  colder  streams,  being 
heavier,  descend  to  fill  the  vacated  space.  Ventilation,  the  re- 
newal of  air  in  mines  and  buildings,  is  accomplished  by  convec- 
tion, a  double  current  of  warm  and  cool  air  being  established  by 
reason  of  the  difference  of  temperature  inside  and  outside  the 
incJosed  space. 

Experiment. — To  show  conveclion  in  fluids;  Boil  some  colored 
anilin  m  water  in  a,  beaker. 

The  transmission  of  heat  by  spheric  wave-motion  through 
the  ether  or  the  air  is  called  radiation.  This  is  the  manner 
in  which  the  radiant  energy  emitted  by  the  sun  comes  to  us. 
Non-luminous  bodies  also  radiate  beat  with  varying  rapidity, 
a  atone  taster  than  leaves  or  grass,  and  these  more  quickly 
than  water.  Radiant  rays  are  either  reflected,  absorbed,  or 
transmitted.     Polished  surfaces  are  good  reffectors  of  heat  as 
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well  as  of  light.  Dark,  rough  surfaces  greedily  absorb  radiant 
energy;  hence  become  quickly  heated.  Well-blackened  Btoves 
radiate  more  heat.  Transparent  and  diaphanous  substances 
generally  transmit  heat  with  little  loss,  and  are  therefore  hardly 
affected  themselves  as  to  temperature.  They  are  diathermous 
to  solar  heat,  but  more  or  less  athermous  to  the  slower  waves 
radiated  back  from  the  earth;    the  principle  of  greenhouses. 

Eock  salt  and  sulphur  are  very  transparent  to  radiant  heat. 
Copper  sulphate  is  quite  athermous  to  solar  heat,  and  hence  is 
used  as  a  filter  when  treating  skin  lesions  with  sunlight.  The 
top  of  a  mountain,  though  nearer  the  sun,  is  much  colder  than 
the  base,  because  of  the  lesser  amount  of  soil  to  absorb  the  heat, 
and  because  the  air  itself  retains  scarcely  any  of  the  radiant 
energy  which  passes  through  it.  The  difference  in  temperature 
between  direct  sunshine  and  sliadow  is  accounted  for  by  the  pres- 
ence or  absence  of  solar  radiant  heat,  just  as  pulling  down  the 
window  curtains  cools  a  room. 

Effects  of  Heat. — The  manifold  effects  of  heat  are  all  mani- 
festations simply  of  the  enhanced  motion  of  the  molecules.  It 
is  this  quickening  of  molecular  movements  which  constitutes 
heat  the  repellent  force,  the  antagonist  of  cohesion.  Heat  ex- 
pands and  cold  contracts.  The  principal  exception  to  this  rule 
is  water,  which  expands  one-tenth  on  changing  to  ice  with  a  force 
of  30  pounds  to  the  square  inch.  Sulphur,  cast  iron,  and  type 
metal  expand  on  cooling.  White  fibrous  tissue  (ligaments) 
expands  and  relaxes  under  the  influence  of  heat;  yellow  elastic 
tissue,  like  rubber,  contracts.  Gases  expand  and  contract  dually 
and  uniformly;  liquids  and  solids  unequally.  The  co-rfacient 
of  expansion  in  liquids  usually  increases  with  the  temperature. 
Water  increases  %o  i^  bulk  from  f .p.  to  b.p. ;  mercury,  ^5.  The 
action  of  applied  heat  is  a  double  one :  raising  the  temperature 
and  changing  the  state  of  the  substance  acted  on. 

Temperature,  or  sensible  heat,  is  the  direct  manifestation 
of  heat  to  our  senses.  We  say  that  a  body  is  warm  or  cold, 
meaning  that  it  gives  off  h(>at  to  our  hands  or  takes  it  from 
them.  If  a  cup  of  boiling  water  is  let  stand  on  the  table,  it 
radiates  heat  until  it  is  of  the  same  temperature  as  the  sur- 
rounding air. 

For  the  exact  measurement  of  temperature  (intensity,  not 
quantity,  of  heat)  we  use  instruments  called  thermometers,  first 
invented  in  1609.  These  consist  essentially  of  a  closed  glass  tube 
containing  mercury,  with  a  reservoir-bulb  at  the  bottom  and  a 
scale  of  degrees.  Heat  expands  the  mercury,  causing  it  to  rise 
in  the  tube;  cold  has  the  opposite  effect. 

There  are  three  graded  thermometers  in  use,  the  CelsinSy 
or  centigrade;  the  Fahrenheit,  and  the  Keaumur.  The  fibrst 
named  is  the  one  employed  by  scientists  the  world  over;  the 
second  is  the  ordinary  household  instrument;  the  last  is  now 
used  only  in  Bussia,  Sweden,  and  Denmark.     The  centigrade 
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scale  is  to  be  understood  as  being  used  in  this  book  whenever 
it  is  not  stated  to  the  contrary. 

Each  thermometer-tube  is  first  filled  with  mercury,  which 
is  boiled,  and  then  the  glass  is  sealed.  To  mark  the  scale  two 
standard  points  are  furnished  by  Nature,  that  of  boiling  water, 
or  steam  (the  boiling-point),  and  that  of  freezing  water,  or 
melting  ice  (the  freezing-point),  or  equal  weights  of  snow  and 
ammonium  chlorid.  The  bulb  of  the  instrument  is  placed  in 
melting  snow  and  then  in  steam,  and  marks  are  made  corre- 
sponding to  the  summit  of  the  mercurial  colunm  in  each  case. 
AH  that  is  left  to  be  done  is  to  divide  the  intermediate  space 
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Fig.  9.— Comparison  of  Thermometer  Scales. 


into  degrees  of  equal  width:  100  for  the  centigrade,  80  for 
the  Eeaumur,  and  180  for  the  Fahrenheit  instrument.  The 
part  of  the  tube  above  boiling-point  and  that  below  freezing- 
point  are  divided  in  the  same  way  into  degrees.  In  numbering 
degrees  the  f.p.  in  both  E6aumur  and  the  centigrade  scales  is 
marked  0° ;  b.p.  100**  C.  in  centigrade,  80°  E.  in  Eeaumur.  The 
b.p.  of  the  Fahrenheit  scale  is  numbered  212°  F. ;  f.p.  32° 
F.,  the  zero  in  this  scale  being  thus  32°  below  the  f.p.  of  water, 
representing — the  inventor  mistakenly  thought — the  coldest 
attainable  temperature.  Water  boils  at  211°  F.  in  a  rough  iron 
vessel,  and  several  degrees  higher  in  a  very  smooth  vessel.  It 
freezes  below  zero  when  very  still,  and  when  at  or  below  the 
freezing-point  may  congeal  en  masse  when  its  container  is  slightly 
shaken. 


24  MEDICAL  PHYSICS. 

Since  100°  C.  equals  180**  F.,  it  is  evident  that  to  change 
centigrade  decrees  into  Fahrenheit  degrees  we  must  multiply 
hy  ^°%oo>  or  %;  and  to  convert  F.  degrees  into  C.  degrees  we 
multiply  by  %.  One  other  thing  needs  to  be  taken  into  con- 
sideration, namely:  that  the  F.  zero  is  32°  below  f.p.  There- 
fore, to  convert  a  centigrade  reading  into  tlie  F.  scale  we  should 
multiply  by  %  and  add  32°;  whereas  the  reverse  operation 
requires  that  we  first  subtract  32°  and  then  multiply  by  %. 
Since  Hg  freezes  about  —  40°  and  boils  at  35754**^  some  other 
substances  must  be  used  for  the  extremes  beyond  these  points. 
Alcohol  (colored)  thermometers  are  employed  for  very  low 
temperatures  (alcohol  freezes  at  — 130°),  and  bars  of  platinum 
measure  by  expansion  very  high  temperatures;  no  two  solids 
have  the  same  rate  of  expansion.  Pyrometers  are  instruments 
for  measuring  temperatures  alwve  the  b.p.  of  mercury.  They 
depend  on  electric  changes  induced  by  heat  or  on  expansion 
of  gases.  Thermoscopes  show  thermal  variations  by  changes  in 
the  volume  of  vapors.  Langley's  bolometer  registers  accurately  a 
change  in  temperature  of  less  than  one-millionth  degree,  by 
lessened  resistance  and  increased  current  with  cold  in  a  platinum 
wire  in  an  electric  circuit  connected  \\nth  a  galvanometer. 

The  figures  given  above  refer  to  the  b.p.  of  pure  water  at 
sea-level.  A  rise  in  altitude,  by  decreasing  the  amount  of 
atmospheric  pressure,  lowers  the  b.p.  at  the  rate  of  1°  C.  for 
every  960  feet  of  ascent  above  the  sea-level.  The  altitude  of 
any  place  may  be  easily  ascertained  by  applying  this  fact. 
When  water  is  heated  under  more  than  ordinary  atmospheric 
pressure,  the  b.p.  is  raised  and  the  digestant  action  of  the  fluid 
much  increased. 

Experiment. — ^The  culinary  paradox:  Fill  a  glass  flask  one-third 
full  with  water,  and  heat  till  boiling  thoroughly,  then  cork  tightly  and 
invert  the  flask.  Ebullition  quickly  ceases.  Why?  It  begins  again  and 
continues  if  cold  water  is  poured  over  the  flask.     WhyT 

Experiment. — By  means  of  a  flask  and  a  thermometer  take  the 
b.p.  of  water  and  estimate  altitude.  The  thermometer,  loosely  incased 
in  a  wide  tube,  should  be  introduced  into  the  vapor-chamber  so  far 
that  correction  for  the  projecting  thread  of  mercury  may  be  neglected. 
Bumping  is  prevented  by  throwing  in  small  pieces  of  some  porous  sub- 
stance, such  as  talc  or  pumice. 

• 

The  effect  of  pressure  upon  the  f.p.  (or  melting-point)  is 
obviously  to  lower  it  (make  the  change  more  difficult)  in  sub- 
stances— ^water,  for  instance — which  expand  on  solidifying. 
Examples  are  a  snowball  and  the  track  of  ice  made  by  a  sled 
in  the  snow;  the  f.p.  rises  when  the  pressure  is  removed.  On 
the  other  hand,  pressure  aids  (raises  the  f.p.)  the  solidification 
of  liquids  which  contract  on  passing  into  the  solid  state.  The 
presence  of  solids  in  solution  renders  freezing  and  vaporization 
both  more  difficult,  and  hence  raises  the  b.p.  (lowers  vapor  ten- 
sion) and  lowers  the  f.p.     Examples  of  this  fact  are  the  use  of 
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salt  on  icy  ear-trarks  and  the  makiag  of  ice-cream.  Water 
saturated  with  coinmoD  salt  has  a  b.p.  of  109°;  with  KjCOs, 
ISS";  withCaCia.  179°. 

Baoult's  law  ia  to  the  effect  that  the  lowering  of  the  f.p.  . 
of  an  aqueous  sohition  below  the  f.p.  of  pure  water  is  propor- 
tionate to  the  number  of  nioleculea  (and  ions)  diseolved  in  the 
unit  of  volume  of  the  liquid,  whatever  be  the  nature  and  weight 
of  the  molecules. 

The  h.p.  of  other  liquids  is  not  the  same  as  that  of  water. 
Pure  anesthetic  ether  will  boil  in  the  hand  in  a  test  tube,  when 
a  few  pieces  of  broken  ylass  are  added.  Mereurj-  changes  into  a 
gaa  at  357°.  Ammonia  volatilizes  from  its  liquid  form  at  about 
the  same  temperature  at  which  mercury  freezes,  namely :  —  40°. 

Bzperlmeiit. — Find  b.p.  of  Hlcotiol. 

The  f.p.,  or  solidifying-point,  of  most  liquids  is  identic 
with  their  melting-point^  when  in  a  solid  state.  Melting  ice 
and  freezing  water,  for  example,  have  precisely  the  same  tem- 
perature. The  must  infusible  metal  is  iridiimi,  which  melts  at 
1950° ;   and  next  to  this  comes  platinum. 

Medical  thermometers  ^re  made  self-registering  by  a  con- 
striction of  the  lower  part  of  the  tube,  which  permits  the  passage 
of  the  liquid  upward  in  small  drops  under  the  greater  force  of 
heat,  but  causes  a  break  when  contraction  begins,  gravity  not 
being  sufficient  to  force  the  mercury  downward.  The  same 
principle  is  utilized  in  the  maximum  meteorologic  thermometers. 
The  minimum  meteorologic  themiometere  contain  alcohol  and  an 
index  of  black  glass,  which  is  sucked  dawn  by  capillary  attrac- 
tion between  it  and  the  alcohol,  and  remains  at  the  lowest  level 
reached  by  the  C'olunin  of  fluid  in  the  tube.  These  two  varieties 
are  also  called  recording  thennometcrs. 

Thermometers  that  have  been  used  for  a  long  time  are 
likely  to  give  slightly  higher  readings,  owing  to  the  crushing  in 
of  the  glass  at  the  bulb  by  external  atmospheric  pressure,  the 
apace  not  occupied  by  mercury  having  been  made  a  vacuum. 
Thermometers  should  be  seasoned  for  at  least  a  year  before 
marking,  in  order  to  let  the  glass  reach  its  ultimate  stage  of 
contraction  after  the  heating  it  has  undergone. 

The  absolute  b.p.  is  the  temperature  at  which  a  liquid 
heated  in  a  sealed  glass  tube  is  changed  to  vapor.  That  of  ether 
is  190°.  If  a  few  drops  of  a  liquid  are  let  rise  through  the 
mercury  of  a  barometer  tube,  they  evaporate  as  soon  as  they 
reach  the  npper  surface,  by  their  vapor  tension  or  pressure  caus- 
ing the  quicksilver  to  fall  until  the  space  is  saturated  with  the 
vapor.  The  boiling  of  a  liquid  occurs  at  the  temperature  which 
raises  the  vapor  tension 'to  a  point  equal  to  the  atmoBpheric  pres- 
sure. The  maximum  vapor  tension  is  constant  for  each  liquid 
at  a  certain  temperature,  being  much  increased  by  heat.  In  the 
absence  of  air  water  can  be  superheated  above  100°   without 
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ebullition,  or  can  be  cooled  to  —  20°  without  freezing,  but 
solidifies  at  once  (metastable)  on  contact  with  ice.  When  two 
liquids  are  soluble  in  each  other,  the  vapor  pressure  of  the  solution 
is  much  less  than  the  sum  of  the  separate  tensions.  If  they  mix 
in  all  proportions  (as  alcohol  and  water),  the  v.p.  is  intermediate 
between  those  of  the  two  constituents. 

Specific  Heat. — Not  all  substances  become  heated  with  equal 
rapidity.  The  water  in  the  tea-kettle  is  cool  after  the  iron  is 
heated,  and  remains  warm  after  the  vessel  and  stove  have  cooled. 
Except  the  gas  hydrogen,  water  has  the  greatest  capacity  for  heat 
of  any  substance ;  that  is,  it  requires  more  heat  to  warm  it  and 
gives  out  more  heat  in  cooling  than  anything  else  except  hydro- 
gen. For  this  reason  a  coast  climate  is  more  equable  than  inland 
weather ;  in  the  night  the  heat  of  the  slowly  cooling  ocean  flows 
over  to  the  land,  while  by  day  the  water  draws  off  warmth  from 
the  rapidly  heated  sand  and  soil.  The  ratio  of  the  capacity  for 
heat  of  any  substance  as  compared  with  an  equal  weight  of  water 
is  termed  its  specific  heat.  Mercury,  for  instance,  becomes 
heated  30°  while  the  same  weight  of  water  rises  only  1**  in 
temperature.  The  specific  heat  of  mercury  is  therefore  0.0333. 
That  of  iron  is  0.1138 ;  of  air,  0.2375 ;  of  ice,  0.5040 ;  of  the 
human  body,  0.9.  Every  substance  has  its  own  specific  heat, 
which  increases  with  temperature :  more  in  liquids,  except  water. 

Experiment. — ^Put  on  each  side  of  a  double  porcelain  vessel  equal 
weights  of  water  and  mercury,  and  heat  as  equally  as  possible.  Com- 
pute the  specific  heat  of  the  liquid  metal. 

Atomic  heat  is  a  constant,  approximately  ranging  from  5.39 
to  6.87.  It  varies  with  allotropic  forms  and  different  tempera- 
tures, falling  outside  of  these  limits.  The  specific  heat  of  any 
element  equals  its  atomic  heat  divided  by  its  atomic  weight. 

Liquefaction. — ^This  signifies  the  change  from  a  solid  to 
a  liquid  state.  It  takes  place  for  each  substance  at  a  particular 
melting-point,  which  remains  the  same  until  all  the  body  has 
been  liquefied,  when  the  temperature  again  rises.  As  already 
stated,  the  melting-point  is,  for  the  same  substance,  ordinarily 
the  same  as  its  f.p.  Iron  and  glass  have  no  true  fusing-noint. 
When  a  change  of  condition  can  take  place  in  either  direction,  we 
have  what  is  termed  a  reversible  cycle.  Animal  and  vegetable 
substances  are  generally  decomposed  without  liquefying  on  heat- 
ing sufficiently.  Certain  alloys  melt  at  a  lower  temperature  than 
boiling  water,  and  are  used  extensively  in  automatic  fire-ex- 
tinguishers. The  heat  of  fusion  signifies  the  quantity  of  heat, 
measured  in  calories,  which  is  required  to  melt  1  gm.  of  the  sub- 
stance. The  heat  of  solidification  is  the  quantity  of  heat  set 
free  when  1  gm.  of  a  substance  is  changed  to  the  solid  state. 

Evaporfition. — The  slow  and  natural  vaporization  of  water 
that  takes  place  continuously  from  the  surface  of  the  globe  is 
termed  evaporation.  The  rapidity  of  evaporation  varies  directly 
with  temperature,  atmospheric  dryness,  and  extent  of  surfaces 
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of  water  and  air  exposed  to  each  other;  it  varies  inversely 
with  atmospheric  pressure.  Chemists  employ  wide  and  shallow 
Tacuum  vessels  for  evaporating  purposes.  We  have  all  experi- 
enced the  oppressive  discomfort  of  damp,  sultry  days  when  the 
air  contained  already  as  much  water-vapor  as  it  could,  and 
hence  the  cooling  process  of  evaporation  from  the  skin  was 
greatly  impeded.  It  is  easy  to  see  that  the  sensible  tempera- 
ture need  not  correspond  at  all  with  that  shown  by  the 
thermometer. 

Very  high  temperatures  are  easily  endured  when  the  air  is 
dry,  whereas,  if  the  atmosphere  is  moist  sunstroke  or  heatstroke 
is  liable  to  occur.  The  changes  in  atmospheric  temperature  m- 
duced  by  expansion  (cooling  effect)  or  contraction  (warming 
effect)  are  termed  adiabatic.  High  altitudes  are  generally  drv, 
because  the  colder  air  tends  to  condense  the  moisture  continually 
and  precipitates  it  in  the  liquid  or  solid  state,  leaving  but  little 
present  as  vapor  in  the  atmosphere. 

A  rise  of  10°  C.  neariy  doubles  the  capacity  of  the  air  for 
moisture{5.4  gm.  to  a  cubic  meter  at  0°).  but  evaporation  goes 
on,  though  much  more  slowly,  even  below  the  f.p.  In  changing 
from  the  liquid  to  the  gaseous  state  great  expansion  takes  place; 
a  cubic  inch  of  water  becomes  a  cubic  foot  of  steam.  The 
Btudent  should  remember  that  water  when  evaporated  is  taken 
up,  not  as  a  liquid,  but  as  a  vapor,  which  mixes  with  the  air 
just  as  other  gases  do.  The  only  distinction  between  a  vapor 
and  other  gases  is  that  the  former  condenses  readily  into  the 
liquid  form,  while  the  latter  do  not.  By  critic  temperature  is 
meant  the  degree  above  which  a  gas  cannot  be  reduced  by  pres- 
sure to  the  liquid  form.  The  critic  temperature  of  air  is  — 194° ; 
of  water-vapor,  400°.  Aeriform  bodies  are  termed  gases  above 
their  critic  temperature ;  vapors,  below  this  point. 

The  capacity  of  air  for  heat  depends  chiefly  upon  the  pro- 
portion of  water-vapor  it  contains.  This  fact  makes  a  difference 
of  about  30°  F.  between  sun  and  shade  in  the  dry  Eocky  moun- 
tain regions;  in  Death  Valley,  Cah,  a  difference  of  122°  F.  and 
—  73°  F,  has  been  recorded. 

When  air  contains  so  much  water-vopor  that  the  least 
lowering  of  temperature  would  precipitate  the  latter  in  the 
liquid  or  solid  form  as  dew,  fog,  mist;  clouds,  rain,  hail,  or 
snow,  the  air  is  said  to  be  saturated,  and  the  temperature  at 
the  time  is  called  tlie  dew-point.  The  air  seems  dry  if  its  tem- 
perature is  much  above  the  dew-point;  moist,  if  the  tempera- 
ture and  the  dew-point  are  nearly  or  quite  the  same.  The  air 
of  a  furnace-heated  room  contains  more  total  water-vapor  than 
does  the  cold  air  outside;  but  relative  to  the  dew-point  and  to 
our  sensations  the  outer  atmosphere  is  humid,  the  inner  dry.  The 
relation  of  the  temperature  to  the  dew-point  at  a  given  time  Is 
usually  ejtpressed  in  the  meteorologic  reports  as  percentage  of 
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relative  humidity.     Air  coataining  less  than  40  per  cent  Batura- 
tion  feela  dry ;  aljove  80  per  cent,  moist. 

The  hygrometer  is  a  Bimple  apparatus  for  estimating  Uie 
relative  humidity  of  the  atmosphere.  It  consists  of  a  glass  tube 
filled  with  water  and  fitted  with  a  wick,  which  covers  and  keeps 
constantly  wet  tlie  bulb  of  one  of  two  tlicrmometcrs  placed  ^ide 
by  side.  Evaporation  of  moisture  from  the  wick  eools  the  mer- 
cury underneath  and  lowers  the  temperature  of  this  thermometer. 


The  dryer  the  atmosphere,  the  greater  the  difference  in  readings 
of  the  two  thermometers.  Sensible  temperature  is  tliat  of  the 
wet-bulb  thermometer, -and  is  usually  about  10°  F.  less  than  the 
dry  bulb  in  Colorado;  much  less  difference  near  the  sea-coast. 

Dry  air  expands  upon  taking  up  moisture,  and  the  weight 
of  a  cubic  foot  of  saturated  air  is  less  than  that  of  the  same 
volume  of  dry  air,  despite  the  weight  of  the  water  vapor  (5.7? 
grains  per  cubic  foot  at  fiO°  F.) . 

DiBtillation. — Artificial  vaporization  is  used  principally  for  ' 
the  purification  or  reparation  of  water  and  other  liquids.     It 
is  conducted  at  the  b.p.  of  the  liquid  distilled  in  an  apparatus 
called  a  still.     This  consists  essentially  of  a  retort,  or  flask,  in 
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which  the  substance  is  boiled^  and  a  condenser.  The  latter  is 
a  long  glass  or  spiral  copper  tube  connected  with  the  retort  and 
surrounded  by  a  vessel  or  a  larger  tube  in  which  cold  water  is 
kept  running.  The  cold  water  condenses  the  passing  vapor 
into  drops,  which  run  out  at  the  lower  end  of  the  condenser. 
Copper  condensers  should  be  tinned  on  the  inside. 

Experiment. — Distill  colored  water,  using  a  flask  connected  with  a 
Liebig  condenser,  and  catch  the  colorless  product  in  a  beaker. 

By  fractional  distillation  is  meant  the  separation  by  vola- 
tilization of  one  liquid  from  another,  or  of  several  from  each 


Fig.  11.— Apparatus  for  Distillation. 


other.  It  depends  on  different  liquids  having  different  b.p.'s. 
To  distill  alcohol,  for  example,  from  a  mixture  of  alcohol  and 
water,  such  as  wine,  the  liquid  is  heated  only  to  the  b.p.  of 
alcohol,  which  vaporizes,  leaving  most  of  the  water  behind. 
Destructive  distillation  is  a  term  applied  to  the  vaporization, 
with  chemic  decomposition,  of  solid  substances,  such  as  wood. 

The  amount  of  vapor  formed  from  a  liquid  at  its  b.p.  in  a 
closed  vessel  is  the  same  whether  the  vapors  of  other  substances 
are  present  or  not.  This  is  one  proof  of  the  existence  of  inter- 
molecular  spaces. 

Sublimation. — ^The  direct  transformation  of  a  substance 
from  the  solid  into  the  gaseous  state  is  called  sublimation. 
lodin,  sulphur,  camphor  and  corrosive  sublimate  are  examples 
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of  sublime  substances.  The  process  of  sublimation  is  used  mainly 
for  purifying  purposes,  and  is  sometimes  repeated  (resublima- 
tion).  It  depends  on  the  vapor  pressure  of  solids,  and  the  point 
of  sublimation  is  usually  above  that  of  fusion. 

Experiment. — Beat  impure  ammonium  chlorid  in  the  bottom  of  a 
large  test  tube;  watch  it  sublime  and  collect  in  pure,  white,  crystal- 
line masses  in  the  upper  part  of  the  tube. 

Solution. — Solutions  are  homogeneous  mixtures  of  two  or 
more  elements  or  compounds  which  cannot  be  separated  mechan-' 
ically.  In  the  case  of  colored  glass  and  crystals,  we  may  spsak 
of  a  solid  solution.  Heat  aids  the  solution  of  solids  in  liquids, 
but  interferes  with  the  absorption  of  gases.  The  process  of  solu- 
tion is  not  thoroughly  understood,  but  probably  consists  in  a 
change  similar  to  fusion,  followed  by  mechanic  admixture. 
When  a  solid  substance  dissolves  in  a  liquid  without  the  appli- 
cation of  heat,  the  necessary  heat  is  taken  from  the  liquid  itself, 
cooling  it  accordingly.  If,  however,  chcmic  reaction  predomi- 
nates, the  liquid  becomes  warmer.  A  physic  solution,  therefore, 
is  marked  by  a  lowering  of  temperature ;  a  chemic,  by  a  rise  in 
temperature.  The  solution  of  a  gaa  in  a  liquid  raises  its  tem- 
perature. Hygroscopic  substances  in  general  give  rise  to  heat  <m 
dissolving  in  water. 

Experiment. — Make  a  saturated  aqueous  solution  of  potassium 
iodid.    Is  it  cold  or  hot? 

Experiment. — Dissolve  a  little  quicklime  in  water.  Is  it  hot  or 
coIdT 

A  liquid  which  dissolves  solid  substances  is  said  to  be  a 
solvent  for  them.  Water  is  the  best  solvent  for  a  great  pro- 
portion of  drugs  and  medicines;  alcohol  comes  next  in  dis- 
solving power;  then  ether,  chloroform,  turpentine,  and  fixed 
oils.     Percentage  solutions  are  usually  by  weight. 

When  solids  are  dissolved  in  liquids,  their  molecules  obey 
the  same  laws  of  diffusion  and  pressure  as  those  of  gases.  In 
general,  those  substances  are  most  soluble  whose  surface  tension 
is  least.  The  solubility  of  any  substance  (solute),  in  a  solvent  is 
always  the  same  at  the  same  temperature,  which  for  convenience 
is  stated  at  15°  or  25°  C.  in  the  tables  of  solubility.  Different 
substances  vary  gi'eatly  in  their  solvents  and  their  solubility. 
Some  are  so  soluble  in  water  that  they  absorb  moisture  from  the 
air  and  become  liquid.  Such  bodies  are  called  deliquescent  or 
hygroscopic.  The  opposite  property  of  becoming  dry  when  ex- 
posed to  the  air  is  termed  efllorescence. 

When  a  solvent  can  take  up  no  more  of  a  substance  it  is 
said  to  be  saturated ;  if  it  can  take  up  a  little  more,  the  solution 
is  concentrated;  if  it  can  take  up  a  good  deal  more,  the  solu- 
tion is  dilute.  Saturated  solutions  are  prepared  by  long  agita- 
tion with  the  required  salts,  then  tested  for  supersatu ration  by 
bringing  in  contact  with  well-developed  crystals  of  the  same  salt. 
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A  solution  Baturaied  with  sodium  sulphate  nt  a  higher  tempera- 
ture remains  supersaturated  on  cooling,  if  undisturbed. 

A  saturated  solution  of  one  substance  does  not  prevent  the 
taking  up  of  any  other  solid  and  may  even  aid  such  an  occur- 
rence. The  total  amount  of  two  or  more  substanees  capable  of 
being  dissolved  is  always  greater  than  that  of  any  one  alone, 
though  usually  there  is  less  of  either  than  if  it  were  dissolved 
alone.  Solutions  of  compound  salts,  such  as  camallite,  contain 
different  proportions  of  the  constituent  salts,  varying  with  tem- 
perature. There  is  a  constant  ratio  (co-efficient  of  diatrihution), 
in  the  amount  of  a  substance  dissolved  by  each  solvent,  when 
shaken  with  two  immiscible  solvents, 

ExpcTiment.  —  To  a  noliition  of  mercniric  chlnrid  odd  exeeea  of 
polaasium  iodid.  The  red  mercnric  iodid  is  first  precipitated,  then  re- 
disHOlved.  Potassiuin  iodid  is  also  employed  to  aid  the  solution  of  iodin 
in  water.  A  little  I'anc  augiir  makes  borax  more  soluble  in  water.  Anti- 
pTTin  renders  quinin  soluble  in  water,  so  that  the  latter  may  be  given 
hypodermicall;. 

A  practical  knowledge  of  the  solubility  of  common  drugs  la 
necessary  to  physicians  in  prescribing  liquid  mixtures.  Water 
is  the  solvent  to  be  chosen  for  most  mineral  and  alkaloidal 
salts,  gums,  sugars,  albumins,  gelatins,  and  solid  acids.  Alco- 
hol is  the  solvent  for  resins,  gum-resins  (dilute  alcohol),  bal- 
sams, volatile  oils,  and  stearoptens.  Ether  dissolves  fata  and 
fixed  oils.  Glycerin  is  a  ready  solvent  for  earthy  salts  (alum, 
borax)  and  tannin.  Fixed  oils  dissolve  sulphur  and  phosphorus. 
Carbon  disulphid  is  a  good  solvent  for  sulphur.  Chloroform 
dissolves  gutta-percha.  Turpentine  is  a  solvent  for  paints,  fats, 
fixed  oils,  and  sulphur.  Mercury  dissolves  nearly  all  metals 
except  iron  and  piatinum. 

A  solution  of  a  non-volatile  inorganic  substance  in  water 
is  called  a  liquor ;  of  a  volatile  or  gaseous,  an  aqua.  Most  aquae 
are  prepared  by  triturating  the  medicinal  agent  with  purified  talc 
(or  precipitated  calcium  phosphate)  and  adding  water  gradually, 
then  filtering  to  remove  the  insoluble  powder.  Aqua  hamamelidis 
(prepared  by  distillation)  contains  15  per  cent,  alcohol.  If, 
instead  of  simple  water,  the  solvent  used  is  a  concentrated  aqueous 
solution  of  cane-sugar,  we  have  a  syrup.  Infusions  are  prepara- 
tions made  by  treating  vegctahle  substances  with  cold  water; 
decoctions  are  similar,  but  hot  water  is  used  instead  of  cold. 

TincturKi  are  alcoholic  solutions  of  non-volatile  (iodin 
excepted)  principles  of  drugs:  spirits  are  solutions  in  alcohol 
of  volatile  medicinal  agents;  essences  are  stronger  spirits. 

Soluble  substances  are,  as  a  rule,  more  soluble  in  hot  than 
in  cold  water  or  other  liquid.  In  case  of  a  chemie  solution, 
however,  such  as  that  of  quicklime  in  water,  the  reverse  is  true, 
aa  there  are  in  cold  water  more  molecules  present  to  enter  into 
chemie  combination  than  in  the  eanie  volume  of  warmer  water. 
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Experiment. — Heat  limewater  to  boiling,  and  note  turbidity,  which 
clears  up  on  cooling. 

Common  salt  is  about  as  soluble  in  cold  as  in  hot  water.  So- 
dium sulphate  is  most  soluble  in  water  at  33"*.  The  process  of 
solution  is  aided  also  by  pulverizing  the  substance  to  be  dis- 
solved, thus  rendering  it  more  easy  of  access  to  the  molecular 
attraction  of  the  menstruum.  Other  means  of  hastening  solu- 
tion are  shaking  the  vessel  and  trituration  of  the  solid  with 
the  liquid. 

Sediments  or  precipitates  are  separated  from  the  liquid  and 
soluble  portion  of  a  mixture  by  filtration  through  unsized  paper, 
glass-wool,  asbestos,  etc.  Porous  solids,  such  as  charcoal,  ab- 
sorb coloring  matters,  and  are  used  in  decolorizing  filters. 

Colloidal  solutions  are  probably  suspensions,  and  do  not  dif- 
fuse through  parchment  paper.  They  reflect  incident  light  polar- 
ized, and  colloids  move  under  the  action  of  an  electric  current 
(cataphoresis),  some  to  the  negative  and  others  to  the  positive 
pole.  They  are  precipitated  by  electrolytes  (ions)  having  an 
opposite  charge.  One  colloid  may  precipitate  another  by  absorp- 
tion (surface  attraction,  as  of  charcoal  for  colors  or  of  ferric 
hydroxid  for  arsenic).  The  colloids  in  beer  enable  it  to  hold 
much  more  carbon  dioxid  than  a  corresponding  mixture  of 
alcohol  and  water. 

When  fluids  mingle  together  physically  they  do  so  in  no 
definite  proportions.  Fluids  immiscible  with  water  are  held  in 
suspension  by  the  aid  of  some  viscid  excipient,  as  acacia,  soap, 
gums,  and  white  of  egg,  or  in  the  form  of  soap  with  an  alkali. 
Emulsions  separate  spontaneously  on  standing  for  a  longer  or 
shorter  time,  in  this  way  also  differing  from  true  solutions,  wliich 
are  broken  up  only  by  the  formation  of  crystals. 

Divers  Effects  of  Heat. — Heat  aids  chemic  changes  by  in- 
creasing the  space  between  the  molecules,  which  are  often  decom- 
posed into  smaller  ones.  Organic  molecules,  being  larger  than 
inorganic  ones,  dissociate  (are  broken  up)  at  a  lower  temperar 
ture  (majority  at  200°  C.)  than  the  latter,  which,  as  a  rule,  can 
sustain  heating  to  more  than  1000°  F. 

Another  interesting  effect  of  heat  is  change  of  color. 
Orange-red  antimony  sulphid  turns  black  on  drying  thoroughly. 
Mercuric  iodid  changes  from  scarlet  red  to  orange-yellow  on 
heating,  becoming  red  again  on  cooling.  Mercuric  oxid  at  a 
very  low  temperature  ( —  200°)  fades  from  scarlet  to  pale  orange. 
Yellow  chromates  turn  red  on  heating. 

Experiment. — Heat  a  little  zinc  oxid  in  a  test-tube  over  the  flame. 
It  becomes  light  yellow,  turning  white  again  on  cooling. 

Heat  generally  improves  the  malleability  and  ductility  of 
metals.  Most  metals  and  solid  compounds  become  brittle  with 
great  cold. 
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Thermothcrapy.— Superheated  air  (300** -400**  F.)  is  em- 
ployed in  special  apparatuses,  lined  with  asbestos  or  sectional 
magnesia,  to  relieve  pain  and  reduce  swellings,  particularly  in 
relation  to  the  joints.  The  hot-air  chest  must  be  free  from  all 
moisture,  lest  scalding  ensue,  the  perspiration  being  absorbed  by 
blankets  or  flannels  that  invest  the  limb  or  body. 

Free  diaphoresis,  by  means  of  hot  air  passed  under  the 
bedding  from  a  spirit  lamp  at  the  lower  opening  of  an  elbow 
tube,  is  about  the  most  effective  means  of  relieving  uremic  symp- 
toms, especially  when  preceded  by  an  alcoholic  stimulant  and 
pilocarpin.  Care  should  be  exercised  not  to  pass  the  hot  current 
directly  against  the  naked  skin,  lest  painful  blistering  result. 
The  hot  bath,  the  vapor  bath,  the  Scottish  douche,  the  shower 
bath,  and  other  forms  of  hydrotherapy  depend  for  their  value 
chiefly  on  the  great  capacity  of  water  for  holding  and  transmit- 
ting heat  or  cold. 

In  the  bath,  the  body  temperature  rises  1**  F.  for  each  20°  F. 
higher  external  temperature.  The  amount  of  moisture  thrown 
off  from  the  body,  says  Kellogg,  is  increased  50  per  cent,  or 
more  by  using  friction.  General  hot  applications  diminish  the 
alkalinity  of  the  blood,  often  doubling  the  amount  of  acid  phos- 
phate therein.  Urinary  acidity  is  diminished  (even  rendered 
alkaline)  by  warm  baths.  Heat  causes  increased  activity  of  the 
leucocytes,  while  ice-applications  to  affected  parts  in  localized 
maladies  depress  the  vital  activity  of  the  germs.  Heat  and 
fatigue,  alike,  produce  an  accumulation  of  unoxidized  poisonous 
products  with  properties  like  those  of  curare. 

Latent  Heat. — We  have  already  seen  that  a  solid  body  when 
heated  sufficiently  rises  in  temperature  until  its  melting-point 
is  reached,  when  the  temperature  remains  stationary  (if  crystal- 
line; still  rises  more  or  less  if  amorphous,  like  sealing  wax) 
until  liquefaction  is  complete,  and  then  rises  to  the  b.p.,  at 
which  temperature  the  liquid  stays  until  it  is  entirely  vaporized. 
The  heat  which  is  used  up  thus  in  overcoming  cohesion  and 
changing  the  state  of  a  substance  is  called  by  the  rather  mis- 
leading name  of  latent  (hidden)  heat.  When  a  gas  becomes 
again  a  liquid  or  a  liquid  a  solid,  all  this  heat  is  given  out  again 
as  temperature.  Steam-heating  depends  on  this  principle;  the 
vapor,  being  condensed  in  the  pipes,  gives  off  its  latent  heat. 
We  are  familiar  with  the  usual  warm  and  sultry  feeling  pre- 
ceding a  storm,  this  feeling  being  due  to  the  giving  off  of  latent 
heat  during  condensation  of  water-vapor.  Latent,  or  insensible, 
heat  performs  a  very  important  part  in  the  mutations  of  the 
seasons,  moderating  sudden  changes  both  of  thawing  and  of 
freezing. 

Change  of  material  form  always  implies  the  presence  of 
heat,  and  this  heat  is  abstracted  from  tlie  nearest  convenient 
source.  We  cool  a  room  or  a  street  by  sprinkling  water  on  the 
surface;  to  change  the  water  into  vapor,  heat  is  taken  from  the 
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air.  The  sudden  expansion  of  the  confined  gas  when  a  bottle 
of  light  wine  or  beer  is  opened  reduces  the  temperature  in  the 
neck  of  the  flask  so  much  that  a  fog  appears  in  it.  Artificial 
ice  is  made  on  the  same  principle  by  the  expansion  of  liquefied 
ammonia,  carbon  dioxid  or  sulphur  dioxid,  into  gas  in  vacuum 
apparatus  arranged  in  tanks  filled  with  water,  the  cooling  action 
being  aided  by  the  use  of  brine,  into  which  cans  of  water  or 
cooled  metal  plates  are  immersed.  The  complex  but  definite  solid 
produced  by  freezing  a  saturated  aqueous  solution  has  been  termed 
a  cryohydrate.  Refrigerator  cars  are  double-lined  and  contain 
cylinders  of  closely  packed  ice  and  salt. 

Freezing  mixtures  depend  on  the  utilization  of  heat  in  one 
or  more  of  three  ways,  namely :  by  evaporation,  by  solution,  and 
by  expansion  of  gases.  Considerable  cooling  is  also  effected  by 
radiation.  Drinking-water  in  warm  countries  is  kept  cool  by 
placing  it  in  flat  vessels  on  straw  or  in  porous  water  jugs.  The 
lowest  temperature  yet  attained  is  —  263®. 

Experiment. — Spray  ether  on  the  hand,  or  dip  a  thermometer  for 
a  moment  in  this  liquid,  and  note  how  many  degrees  the  temperature 
is  lowered  by  the  time  the  instrument  is  dry. 

Experiment. — ^Mix  some  ammonium  nitrate  with  an  equal  volume 
of.  water,  and  note  effect.  A  mixture  of  5  parts  saltpeter,  5  am- 
monium chlorid,  and  19  water  lowers  temperature  22**. 

Just  as  heat  can  be  produced  by  mechanic  energy,  so  again 
it  can  be  transformed  into  the  latter.  Stationary  and  locomo- 
tive steam-engines,  hot-air  and  gas-engines  are  illustrations. 
All  of  these  depend  on  pressure  due  to  the  expansive  force,  or 
tension,  of  matter  in  the  form  of  gas. 

Calorimetry. — Calorimeters  are  instruments  designed  to 
measure  the  quantity  of  heat  in  substances.  There  are  four 
methods  of  calorimetry :  By  fusion,  volatilization,  and  warming 
water  or  cooling.  For  instance,  the  ice-calorimeter  consists  of 
a  block  of  ice  with  a  cavity  closed  by  a  cover.  The  body  to  be 
tested  is  placed  at  a  certain  temperature  in  the  cavity  and  left 
there  until  it  has  cooled  to  0°.  The  quantity  of  water  pro- 
duced by  the  melting  of  the  ice  in  the  cavity  is  then  weighed, 
and  the  relation  between  cause  and  effect  expressed  in  heat-units. 
Again,  the  quantity  of  heat  in  a  body  can  be  readily  measured 
by  plunging  it  into  a  certain  quantity  of  water  at  a  known  tem-  ^ 
perature  and  noting  the  number  of  degrees  the  water  rises. 

Thermal  Units. — ^I'he  amount  of  heat  required  to  raise  the 
temperature  of  a  kg.  of  water  1°  C.  is  called  a  greater  calorie 
(C.) ;  to  raise  1  pound  1°  C,  a  thermal  unit.  One  calorie  equals 
2.2  thermal  units.  A  lesser  calorie  (gram-calorie,  c)  is  the 
amount  of  heat  required  to  raise  one  gram  of  water  1°  C.  To 
convert  greater,  or  kg.,  calories  into  pound  F.  heat  units,  multiply 
by  4,  and  vice  versa. 

If  we  mix  a  kg.  of  water  at  79.2°  with  the  same  weight  of 
pounded  ice  at  0°,  the  water  will  dissolve  the  ice,  and  the  tem- 
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_erahire  of  the  resulting  liquid  will  bo  0°  C.  Stated  briefly, 
79.2  cnlorieB  are  required  to  convert  ice  into  water.  In  cbangiDg 
the  water  into  vapor  535.9  calories  are  used  up.  In  other  words, 
it  takes  more  than  fivu  times  as  long  {temperature  of  flame 
stationary)  to  "hoil  away"  a  given  quantity  of  water  as  to  raise 
its  temperature  from  f.p.  to  b.p. 

Hydrogen  has  the  greatest  beat  of  combustion,  1  gm.  on 
burning  producing  34,200  calories. 

Carefully  performed  experiments  by  the  English  physicist 
Joule  have  established  the  fact  that  the  amount  of  heat  neces- 
sary to  raise  the  temperature  of  a  pound  of  water  1°  F.,  when 
transformed  into  mechanic  energy,  is  equal  to  772  foot-pouods, 
or  for  1  kg.  418  kgm.  This  number,  therefore,  is  termed  the 
mechanic  equivalent  of  heat,  and  is  usually  expressed  by  the 
abbreviation  J.  When  electric  energy  is  converted  into  heat,  one 
gram -equivalent  at  one  volt  tension  yields  23  calories.  The 
Camot-CIausius  principle  is  to  the  effect  that,  in  a  reversible 
cycle,  the  sum  of  the  quantities  of  heat  divided  by  the  absolute 
temperature  at  which  it  is  given  off  is  equal  to  zero. 

LIGHT. 

Light  is  that  form  of  radiant  energy  which  gives  rise  to 
visual  sensations.  It  is  believed  to  consist  in  vibnitJons  of  ether, 
a  continuous,  imponderable,  transparent,  structure  less,  infinitely 
tenuous,  perfectly  elastic,  frictionless,  rigid,  and  incompressible 
body  filling  all  space,  whether  apparently  vacant  or  occupied. 
This  hypothetic  ether  is  the  great  medium  of  transfer  of  energy: 
of  gravitation  as  well  as  of  molecular  and  atomic  forces.  Indeed, 
there  are  not  wanting  eminent  physicists  who  hold  that  ether  is 
the  only  true  matter,  and  that  molecules  and  massM  perceptible 
to  our  senses  are  bnt  varying  combinations  of  ethereal  vortex 
rings :   in  other  words,  of  ether  in  motion. 

Rays  and  Waves, — Of  the  multitudinous  waves  that  con- 
stantly flow  and  break  throughout  the  universe,  only  a  com- 
paratively small  number  are  perceived  by  the  unaided  senses. 
Light  waves  range  in  length  from  380  (violet)  to  810  (red)  mi- 
cromicrons.  Heat  waves  are  longer  (up  to  70,000  micrnmicrons), 
and  still  longer  are  the  electric  waves  (Mo  '"eh  to  600  feet),  the 
longest  of  all  being  the  Hertzian  waves  produced  by  sending  a 
charge  of  electricity  across  a  gap,  and  which  are  utilized  in  wire- 
less telegraphy.  These  are  much  longer  than  the  air-waves  of 
found,  which  seldom  exceed  a  few  feet  in  length.  The  chemic  or 
actinic  waves  of  radiant  energy,  and  the  X-rays,  cathode  rays, 
N-rays,  etc.,  are  shorter  and  more  rapid  than  those  of  light.  The 
X-,  or  tri -ultra violet  (Satterlee)  rays  have,  according  to  Weide- 
inann,  a  wave-length  of  0.014  micron,  while  the  ultraviolet,  or 
cathode,  waves  are  0.21  micron  in  length. 

The  radiations  from  radio-active  substances  are  held  to  con- 
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sist  of  particles  of  matter  hurled  from  their  compounds  with 
enormous  velocities.  The  beta  rays  from  radium  are  supposed  to 
have  a  velocity  about  half  that  of  light;  alpha  rays,  one-tenth. 
The  Becquerel  rays  are  a  mi^jbure  of  X-rays,  positive  particles, 
and  cathode  rays  given  off  from  uranium  and  other  metals.  They 
affect  photographic  plates  in  the  dark. 

The  X-rays  differ  from  the  ultraviolet  rays  in  not  being  sub- 
ject to  reflection,  refraction,  or  polarization.  X-rays  dischai^ge 
an  electroscope  either  positively  or  negatively  electrified ;  ultra- 
violet, negatively  only.    Both  kinds  of  rays  excite  a  bright  green 


Fig.  12.— Radiometer. 

fluorescence  in  willemite,  but  with  calcium  polysulphid  X-rays 
cause  a  white,  and  ultraviolet  rays  a  blue,  phosphorescence. 
Rock  salt  is  opaque  to  the  X-rays;  transparent  to  ultraviolet 
rays. 

Cathode  rays  are  thought  to  be  negatively  charged  corpuscles. 
They  can  be  deflected  by  a  magnet.  The  beautiful  Geissler  light, 
obtained  by  passing  an  electric  discharge  between  metal  discs  at 
opposite  ends  of  a  nearly  exhausted  tube,  consists  of  particles 
(electrons)  about  Mooo  the  mass  of  a  hydrogen  atom,  and 
traveling  at  great  velocities.  These  rays  are  identic  with  the 
beta  radium  rays. 

Niewenglowski's  rays-  is  the  term  applied  to  the  phosphores- 
cence shown  by  various  calcium  salts  after  exposure  to  sunlight. 
The  N-rays  (from  the  town  Nancy)  of  Blondlot,  given  off  from 
Welsbach  burners,  form  a  connecting  link  between  ordinary  light 
and  the  emanations  of  radioactive  metals,  and  are  the  same  as  the 
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physiologic  radiations  from  the  human  body,  discovered  by 
Charpentier, 

The  radiometer  consista  of  a  hollow  glass  sphere  on  a 
stand ;  the  sphere  is  nearly  a  vacuum,  containing  about  a 
millionth  of  an  atmosphere:  the  so-called  radiant  matter. 
Within  the  globe  are  four  little  vanes,  of  mica,  bright  on  one 
side,  dark  on  the  other,  and  suspended  on  a  platinum  support  so 
as  to  revolve  easily  when  brought  into  the  sunlight  or  near  a 
flame.  The  revolutions  are  due  to  the  difference  in  force  with 
which  the  light-waves  act  upon  the  two  sides  of  the  vanes,  being 
absorbed  most  by  the  blackened  surfaces. 

Experiment. — Show  presence  of  beat  in  the  solar  rays  by  lighting 
»  piece  oE  oiled  black  paper  with  s  buming-glass.  A  fire  might  be 
started  in  "this  way  even  with  a.  lens  of  ice. 

Experlmeiit. — Shovf  actinic  efTiwt  of  solar  energy  on  a  piece  of 
white  fllter-paper  dipped  in  a  strong  solution  of  silver  nitrate,  dried  in 
a  dark  place,  then  covered  with  a  wire  gauze  and  exposed  to  sunlight. 

Light  travels  always  in  straight  lines,  and  its  nscilhitions 
are  at  right  angles  to  the  plane  of  projection,  like  a  rope  shaken 
at  one  end.  A  my  of  light  is  simply  an  imaginary  line :  a  beam 
is  a  collectinn  of  rays,  whether  parallel,  convergent,  or  divergent; 
a  pencil  differs  from  a  beam  only  in  its  greater  area.  Light 
itself  is  invisible;  a  sunbeam  in  a  dark  room  is  not  perceptible 
if  free  from  duet. 

A  luminous  body  is  one  which  emits  light.  An  illuminated 
object  is  one  on  which  light  falls.  Transparent  or  diaphanous 
substances,  like  glass,  permit  the  free  passage  of  light-rays. 
Translucent  bodies  allow  some  of  the  light  to  pass,  but  not 
enough  to  define  distinctly  objects  on  the  farther  side.  Living 
bones  are  translucent  to  direct  sunlight  or  electric  light. 

Opaque  substances  intercept  all  the  light.  '  Metals  are 
opaque  except  in  very  thin  layers,  when  they  are  translucent. 
A  shadow  is  the  contour  projection  of  an  opaque  or  translucent 
object  produced  by  the  stoppage  of  light. 

The  principle  source  of  terrestrial  light  is  the  sun.  Other 
sources  of  natural  light  are  the  so-called  fixed  stars,  metoors, 
comets,  volcanoes,  and  the  lightning-flasb.  Artificial  light  is 
usually  the  result  of  combustion  or  of  resistance  to  the  passage 
of  electricity. 

The  emission  of  light  from  a  heated  substance  (above 
1000°  F.)  without  chcmic  action  is  termed  incandescence;  hence 
incandescent  lamps  (electric  and  Welsbach  burners).  Calorea- 
cence  signifies  nearly  the  same  as  incandescence;  tlie  heat-waves 
are  converted  into  light-rays  by  concentration  upon  platinum  or 
other  metal.  Fluorspar  is  highly  pyroelectric,  readily  becoming 
luminous  on  heating.  A  "red  heat"  corresponds  to  aljout  1000° ; 
"white  heat"  or  Bunsen  flame,  to  1500°  and  higher;  oxyhydro- 
gen  blowpipe,  2000° ;  the  electric  arc  or  furnace  (boiling  carbon) 
or  acetylene  blowpipe,  3500°.     The  explosion  of  cordite  in  closed 
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vessels  produces  a  heat  of  5200®.    The  effective  temperature  of 
the  sun  is  calculated  at  about  6000®. 

By  phosphorescence  is  meant  the  power  of  some  substances 
to  emit  white  or  colored  light,  accompanied  with  little  or  no  heat, 
under  the  influence  of  nervous,  chemic,  thermal,  or  mechanic 
stimuli,  the  effect  persisting  for  some  time  after  removal  of  the 
cause. 

Exi>eriiiient. — Stimulate  some  design  painted  with  luminous  paint 
(phosphorescent  zinc  sulphid)  by  burning  a  piece  of  magnesium  ribbon 
before  it.  Then  make  the  room  dark  and  observe  the  phosphorescent 
glow. 

Spontaneous  phosphorescence  is  exhibited  by  fireflies  and 
jcllyflshes  as  the  result  of  nervous  energy;  it  is  also  seen  in  a 
solution  of  phosphorus,  being  due,  in  this  instance,  to  slow  oxida- 
tion ;  decaying  organic  substances,  especially  fish  and  the  willow 
tree,  often  shine  in  the  dark.  Two  pieces  of  loaf  sugar  rubbed 
together  in  the  dark  produce  a  phosphorescent  glow.  The  sul- 
phid and  the  cyanid  of  calcium  are  phosphorescent  for  some 
hours  after  exposure  to  the  rays  of  the  sun.  Triboluminescent 
substances,  such  as  quartz,  diamond  and  willemite,  emit  light  on 
being  rubbed  or  struck. 

From  astronomic  calculations,  it  has  been  determined  that 
the  solar  light  travels  at  the  rate  of  186,225  miles  per  second, 
a  speed  almost  inconceivable;  yet  it  takes  40,000  years  for  a 
ray  of  light  to  cross  the  visible  universe.  In  water  light  travels 
three-fourths  as  fast  as  in  air. 

Light  is  reflected  just  as  other  forces  are,  the  angle  of 
incidence  being  equal  at  all  times  to  the  angle  of  reflection. 
The  amount  of  light  reflected  is  greatest  when  the  illuminant 
is  near  the  horizontal;  least,  when  at  the  vertic  meridian.  A 
rough  reflector  diffuses  or  disperses  the  rays  of  light  in  all 
directions,  and  so  reveals  its  own  outline;  a  smooth  surface 
reflects  the  rays  without  altering  their  relation  to  each  other, 
and  thus  furnishes  an  image  of  the  luminous  object  or  of  an 
opaque  body  placed  between  the  latter  and  the  reflector.  A 
concave  mirror  converges  parallel  rays  of  light ;  a  convex  mirror 
has  the  opposite  effect. 

Images  formed  by  actual  union  of  reflected  rays  are  termed 
real ;  when  this  union  is  apparent  only  and  back  of  the  mirror, 
they  are  called  virtual  images  (plane,  convex,  and  concave — 
with  point  of  light  between  principal  focus  and  mirror).  The 
point  in  the  axis  of  a  mirror  at  which  reflected  rays  meet  is 
termed  the  focus.  This  is  always  half-way  between  the  center 
of  the  mirror  and  the  center  of  curvature:  that  is,  the  center 
of  the  circle  which  would  be  produced  by  prolonging  the  curve 
of  the  mirror.  The  kaleidoscope  consists  essentially  of  three 
plane  mirrors  with  pieces  of  colored  glass  set  in  a  pasteboard 
tube. 
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Befraotion. — A  ray  of  light  in  passing  obliquely  from  a  rarer 
into  a  denser  medium  (as  from  air  to  water)  is  bent  toward 
the  perpendicular;  away  from  the  perpendicular  when  traveling 
in  the  opposite  direction.  It  ie  for  this  reason  that  an  oar 
appears  broken  at  the  surface  of  tbe  water,  and  that  stars 
a  little  below  the  horizon  are  visible.  The  index  of  refraction 
is  the  ratio  of  the  sine  of  the  angle  of  incidence  to  that  of  the 
angle  of  refraction;  for  the  enme  substances  it  is  a  constant 
quantity,  except  that  in  liquids  the  refractive  power  increases  witli 
density.  The  index  of  refraction  from  water  into  air  ia  tliree- 
fourtha;  from  air  into  water,  four-thirds.  Oil  of  cedar  has  the 
same  refractive  power  as  glass;  hence  is  used  with  immersion 
lenses.  The  refractive  index  of  the  human  crystalline  lens  is  a 
little  more  than  1,4.  The  inde.i  of  refraction  (determined  with 
_  refractometer)  is  ntilized  for  the  identification  of  oils  and  other 
'  organic  liquids.  It  varies  with  the  kind  of  light  (nD  =  sodium 
light)  and  with  the  temperature.     When  the  angle  of  refraction 


of  an  incident  ray  is  more  than  a  right  angle  (critic  angle)  with 
the  perpendicular,  the  ray  does  not  emerge,  but  ia  reflected;  this 
phenomenon  is  called  total  reflection. 

Experiment. — Look  upward  obliquely  into  a  glasa  filled  with  water. 
Note  that  one  rannnt  see  beyond  the  mirror-like  upper  aurfaee. 

The  mirage  of  the  de,=ert  furnishes  a  beautiful  example  of 
total  reflection,  the  image  of  trees  and  water  beyond  the  horixon 
being  reflected  from  denser  strata  of  air  at  some  distance  above 
the  surface  of  the  earth.  In  the  same  way^that  is,  by  difference 
in  refractive  power  of  its  layers — -air  itself  becomea  visible,  as 
when  heated  by  a  stove  or  the  sun.  The  diamond  ia  the  most 
refractive  nf  solids,  and  its  brilliancy  depends  mainly  on  this 
property  of  internal  reflection.  Another  example  of  total  reflec- 
tion IB  the  camera  lucida  attached  to  the  eye-piece  of  a  micro- 
scope and  used  for  sketching  objects. 

A  prism  is  any  transparent  refractive  body  the  sides  of 
which  form  acute  angles  with  each  other.  Prisma  used  in 
chemistry  and  medicine  are  termed  lenses.  According  to  form 
there  are  six  classes  of  lenses,  namely:  convex,  concave,  plano- 
convex, piano-can  cave,  concavo-convex  (converging  meniscus), 
and  convGxo-concave  (diverging  meniscus).     Lenses  which  are 
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thicker  in  the  center  converge  rays  of  light;  those  which  are 
thinner  centrally  have  a  divergent  action.  Convex  glasses  are 
used  in  spectacles  for  far-sight;  concave  ones  for  near-sight. 
A  simple  microscope  consists  essentially  of  a  single  convex  lens. 
A  compound  microscope  has  two  convex  lenses;  one  is  the  object- 
glass,  and  the  other  in  the  eye-piece  "magnifies"  the  enlarged 
image  formed  by  the  first  lens.  The  objectives  of  good  micro- 
scopes contain  a  combination  of  biconvex  and  plano-convex 
lenses. 

The  angle  of  aperture  is  the  angle  which  the  outer  edges  of 
the  surface  of  the  object  glass  make  with  a  point  in  focus.  Object 
glasses  having  a  large  angle  of  aperture  have  usually  good  resolv- 
ing power.  Lateral  illumination  can  be  arranged  by  placing  a 
triangular  prism  under  the  microscope  and  holding  an  incandes- 
cent light  near  it,  so  as  to  get  total  reflection  at  the  upper  level 
surface  of  the  prism. 

intramicroscopy. — Ilelmholtz  estimated  the  limit  of  micro- 
scopic visibility  at  0.0001  mm.  The  new  method  of  Siedentopf 
and  Zsigmondy  has  reduced  the  limit  to  0.000001  mm.  In  the 
mechanism  invented  by  them,  the  illuminating  ray  is  perpendic- 
ular to  the  axis  of  the  microscopic  objective,  the  focus  of  the 
condensing  lens  and  of  the  objective  being  adjusted  to  meet  at  a 
common  point.  The  source  of  light  is  sunlight  projected  by  a 
heliostat  into  a  darkened  room,  heat  ravs  being  removed  bv  means 
of  a  quartz  lens.  The  principle  is  the  same  as  with  a  beam  of 
sunlight  revealing  dust  particles  in  a  darkened  room.  The  pos- 
sible uses  of  the  ultramicroscope  in  biology,  bacteriology  and 
physic  chemistry  are  too  obvious  to  need  mention. 

A  telescope  differs  from  a  compound  microscope  in  having 
a  very  large  object-glass  in  order  to  catch  as  nuiny  rays  of  light 
as  possible.  An  opera-glass  contains  a  convex  and  a  concave 
lens.  The  camera  obscura  of  the  photographer  resembles  the 
human  eye  in  the  presence  of  a  convex  lens  in  the  front  part 
of  the  instrument,  and  a  screen  sensitive  to  light  at  the  rear. 
The  image  is  reversed  in  both  instances.  The  stereoscope  has 
two  lenses,  each  of  which  is  plano-convex  toward  the  center  of 
the  frame,  and  double  convex  in  its  outer  part.  The  ophthal- 
moscope is  a  small,  concave  mirror  with  a  central  opening, 
behind  which  small  lenses  are  passed  until  the  examiner  can 
see  the  retina  distinctly.  The  Abbe  condenser,  used  with  the 
immersion  lens  and  a  plane  mirror,  is  of  two  forms,  double  and 
triple.  The  double  has  a  plano-convex  over  a  biconvex  lens; 
the  triple  contains  a  plano-convex,  a  concavo-convex  and  a  bi- 
convex lens. 

Color. — In  addition  to  their  refractive  effects,  prisms  dis- 
perse or  break  up  white  light  into  its  component  colors.  The 
prism  usually  employed  for  this  purpose  is  triangular  and  equi- 
angular. The  hues  thus  produced  are  infinite  in  variety,  but 
seven  colors  stand  out  distinctly  in  the  following  order :   Violet, 
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indigfi,  bine,  green,  yellow,  orange,  red,  the  red  being  least 
refracted,  the  violet  moet.  This  dispersion  of  sunlight  into  the 
seven  bands  of  the  rainbow  forms  the  solar  spectrum.  The 
violet  waves  are  shortest  (Miiooo  inch)  and  most  frequent 
(704,000,000,000,000  per  second);  the  red  waves  are  lonpeat 
(Haooo  incli)  and  slowest  (481,000.000,000,000  per  second). 
The  sensation  of  various  color  depends,  therefore,  on  the  num- 
ber of  wave-impacts  of  light  upon  the  retina  in  a  given  second 
of  time;  difference  in  brilliancy  depends  on  the  relative  force 
of  the  blows;  direct  sunlight  is  too  dazzling  for  the  human 
eye.  The  intensity  of  light,  as  measured  by  the  ]thotometer, 
varies  inversely  as  the  square  of  the  distance  from  the  iurainoiiB 
source  (the  surface  of  a  spliere  increases  as  the  square  of  its 
radius),  as  also  with  the  angle  of  incidence.  The  sun's  light  is 
only  one-seventh  as  intense  at  5°  above  the  horizon  as  at  the 
zenith.  The  earth  is  nearer  the  sun  in  winter  than  in  summer, 
but  the  increased  obliquity  of  the  solar  rays  much  more  than 
offsets  the  decrease  in  distance.  The  intensity  of  a  light  is 
stated  in  comparison  with  the  light  of  an  English  sperm  candle 
burning  120  grains  per  hour,  A  color  is  said  to  be  saturated 
vhea  it  contains  no  white  light.  White  light,  then,  is  composed 
of  seven  colors,  which  can  be  recomposed  into  wliite  light  by 
means  of  a  biconvex  lens.  Two  colors  that,  when  taken  together, 
produce  white  are  said  to  bt-  complementary  to  each  other.  Ex- 
amples of  such  are  purple  and  green,  red  and  bluish  green,  orange 
and  cyan -blue,  yellow  and  ultramarine,  yellowieh  green  and 
violet.  Complementary  colors  are  the  best  for  producing  con- 
trast-effects in  dress  or  otherwise. 

Experiment. — Make  a  weak  solution  of  a  nickel  and  of  a.  cobalt 
lalt.  WliPO  mixnl  togiL'ther  raretuUy  the  pink  and  the  green  colon 
unite  to  produce  a  colorless  fluid. 

When  we  gaze  at  a  certain  color  for  some  minutes  the  eye 
becomes  fatigued  for  this  hue,  and  if  now  we  look  at  something 
white  or  into  space  we  see,  not  the  first  color,  but  its  comple- 
ment. 

The  color  of  any  object  is  not  of  itself,  but  of  the  light 
that  it  acts  upon,  absorbing,  reflecting,  or  transmitting.  In 
the  dark  everything  ia  black.  A  red  light  gives  a  corresponding 
tinge  to  all  objects  in  its  path.  Looking  through  green  goggles, 
even  the  snow  takes  on  the  tint  of  grass.  Red  objects  appear 
colorless  when  illuminated  by  the  yellow  sodium  flame.  Black 
represents  the  absence  of  all  colors :  that  is,  total  absorption.  A 
blue  object  is  one  which  reflects  or  transmits  to  the  eye  only  the 
wave-lengths  of  this  hue.  I'ransparent  substances  may  have  one 
color  by  reflected  light,  another  by  transmitted  light;  one  may 
be  the  complement  of  tJie  other.  The  color  of  fluorescent  bodies 
is  due  to  the  absorbed  waves. 
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Experiment. — ^Add  to  a  beaker  of  water  a  few  drops  each  of  a 
Bolution  of  eosin  and  of  hematoxylin.  The  mixture  is  green  by  reflected 
light,  purple-red  by  transmitted  light. 

There  are  at  least  1000  hues  distinguishable  by  the  human 
eye  in  the  solar  spectrum.  Tints  are  produced  by  reducing  a 
"pure*'  or  "full*'  color  (never  above  75  per  cent.)  with  white 
light.  Shades  are  obtained  upon  viewing  a  full  color  in  shadow, 
that  is,  by  admixture  of  black.  The  colors  of  all  natural  objects 
are  somewhat  broken  or  subdued  by  light  and  shadow. 

Water  in  large  masses  appears  blue  or  green.  The  blue 
color  of  the  sky  is  owing  to  the  refrangibility  of  the  violet  rays 
being  greater  than  those  colors  at  the  opposite  end  of  the  spec- 
trum ;  hence  when  the  sunlight  floods  the  atmosphere,  the  bluish 
waves  are  bent  down  to  us  most  of  all.  The  red  and  yellow 
waves  are  longer  and  stronger  than  the  blue,  and  to  this  are  due 
the  color-eflfects  of  sunrise  and  sunset,  when  the  solar  light  must 
traverse  a  much  greater  layer  of  air  than  when  the  sun  is  nearer 
the  zenith. 

Mordants,  such  as  salt,  soda,  alum,  vinegar,  and  tin  salts,  fix 
a  coloring  agent  by  forming  with  it  an  insoluble  gelatinous  com- 
pound, which  clings  closely  to  the  threads  of  textile  fabrics. 
Wool  holds  dyes  more  fast  than  cotton,  since  the  loose  and  fluffy 
texture  of  the  former  furnishes  a  greater  surface  for  adhesion. 

Iridescence  is  the  name  applied  to  the  beautiful  play  of 
colors  seen  in  cracks  in  glass,  in  soap  bubbles,  and  in  the 
plumage  of  birds  and  the  lining  of  many  shells.  The  phe- 
nomenon is  produced  by  interference  of  secondary  waves  set  up 
by  thin  films  of  air  or  by  lines.  Newton's  rings  illustrate  color- 
effects  due  to  interference  by  pressure.  This  apparent  bending 
of  the  light-rays  about  lines  and  angles  is  known  as  diffraction. 
Diffraction-gratings  are  made  of  glass,  the  surface  of  which  is 
ruled  with  fine  lines  very  close  together.  They  give  a  well- 
marked  spectrum. 

By  fluorescence  is  meant  the  bluish  opalescence  seen  in  kero- 
sene and  other  petroleum  compounds,  fluorspar,  quinin  solutions, 
eosin,  fluorescein,  platinocyanids,  zinc  silicate,  and  uranium  salts. 
This  appearance  is  due  to  the  slowing  of  the  ultraviolet  waves 
in  such  a  manner  as  to  render  them  visible.  Fluorescent  sub- 
stances (chlorophyl,  for  example),  have  the  power  of  sensitiza- 
tion; i.e,,  they  change  the  energy  of  green  and  yellow  rays  to 
actinic  rays.  This  principle  is  used  in  photography  (orthochro- 
matic  plates). 

Actinism. — Most  chemic  substances  are  acted  upon  to  some 
degree  by  the  actinic  rays  (blue,  violet  and  ultraviolet)  that 
accompany  solar  light.  This  is  particularly  true  of  silver  salts, 
hydrogen  peroxid,  and  of  iodids  of  various  metals.  Actinic 
changes  are  prevented  or  retarded  by  keeping  susceptible  sub- 
stances in  dark  or  amber-colored  bottles. 

It  is  the  chemic  rays  that  produce  sunburn  (solar  erythema) 
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and  freckles,  by  a  protective  Btimulation  of  the  melanin-contain- 
ing  pigment-granules  of  the  rete  nuicosiim.  X-rays  and  the 
electric  light,  as  well  as  the  prolonged  nse  of  ponlticea  and  hot 
comprespcs,  also  stininlate  pigment-formation.  The  bleaching 
effect  of  sunlight  on  dye-stuffs  is  likewise  chcmic  in  nature.  Of 
the  ultraviolet  rays  in  sunlight,  few  if  any  reach  the  surface  of 
the  earth,  being  absorbed  by  the  atmosphere.  They  cannot  pasa 
through  glass.  It  is  the  actinic  rays  of  sunlight  that  cause  snow 
blindness,  which  occurs  almost  entirely  at  high  altitudes,  since 
the  rare  atmosphere  here  absorbs  but  few  of  these  chemic  rays. 
Electric  light  ia.  especially  rich  in  actinic  rays,  which  may  be 
shut  off  by  the  use  of  yellow  glass. 

Salts  of  silver  are  decomposed  by  light,  with  deposition  of 
metallic  silver,  especially  in  the  presence  of  organic  matter; 
hence  they  stain  the  skin.  Photographers  employ  sensitized 
plates  and  papers  coated  on  one  side  with  a  film  of  collodion, 
albumin,  or  gelatin,  containing  an  emulsion  of  silver  chlorid, 
bromid,  or  iodid.  The  development  of  negatives  is  done  in  a 
dark  room  with  some  reducing  substance,  like  hydroquinon, 
and  then  a  fixing  agent,  commonly  sodium  thiosulphate,  which 
dissolves  the  unreduced  silver  salt  and  fixes  the  metal.  The 
photograph  ia  obtained  from  the  negative  by  exposing  the  latter 
over  sensitized  paper  to  direct  sunlight. 

Sodium  sulphite  preserves  the  hydroquinon  or  pyrogallic  acid 
and  prevents  yellow  staining.  Sodium  or  potassium  carbonate 
softens  the  film,  so  that  the  reducing  agent  can  penetrate  more 
readily.  In  the  negative  the  objects  photographed  appear  as 
colorless  spaces  on  a  dark  background.  In  color  photography  the 
three  principal  colors  of  white  light  are  spread  in  an  emulsion 
of  minute  starch  grains  upon  the  glass  or  paper  (positive  or 
n^ative).  At  any  given  point  the  color  ray  from  the  object 
penetrates  through  the  granule  of  the  same  hue,  other  colors 
being  intercepted. 

Spheric  aberration  is  the  term  applied  to  the  confusion  of 
images  arising  from  the  difference  in  focus  between  the  raya 
which  penetrate  the  central  portion  of  a  lens  and  those  that 
are  refracted  by  its  outer  zone.  This  defect  is  best  corrected 
by  the  use  of  a  circular  ring  diaphragm,  which  shuts  off  light 
from  passing  through  the  edge  of  the  lens.  A  good  illustration 
of  such  a  mechanism  is  the  iris  of  the  eye. 

A  small  white  object  cannot  be  accurately  focused  on  the 
retina  by  the  crystalline  lens,  since,  when  the  red  rays  are  focused. 
the  violet  are  not.  This  dispersion  makes  a  bright  object  appear 
to  be  surrounded  by  a  fringe  or  halo  (irradiation),  as  seen  in  the 
incandescent  iilm.  Ited  objects  appear  brighter  than  those  of 
other  colors,  because  of  the  greater  ciliary  effort  in  focusing  these 
longer  rays. 

Chromatic  aberration  results  from  the  difference  in  re- 
frangibility  of  the  various  color-rays.     The  violet  come  to  a 
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focus  sooner  than  the  others,  and  so  give  to  the  outer  part  of 
the  visual  field  a  disagreeable  coloration.  In  microscopes  the 
defect  is  overcome  by  combining  a  convex  lens  of  crown  glass 
with  a  concave  meniscus  of  flint  glass,  constituting  the  achro- 
matic lens,  in  which  two  of  the  three  principal  colors  are  brought 
to  a  focus.  Apochromatic  lenses  contain  also  calcium  fluorid, 
and  bring  all  three  colors  to  the  same  focus. 

Phototherapy. — Sunlight  is  as  essential  to  human  beings  as 
it  is  to  plants.  Both  grow  pale  and  weakly  for  want  of  it.  The 
coloring  matter  of  plants  and  of  the  blood  is  increased  by  ex- 
posure to  the  sun's  rays.  Sunlight  is  actively  germicidal. 
Tubercle  bacilli  are  destroyed  by  direct  sunshine  within  a  few 
minutes  to  hours.     Light  causes  contraction  of  protoplasm. 

Light  stimulates  the  ne^^T-endp,  and  thus  enhances  nutritive 
activity.  If  a  man  is  brought  from  darkness  into  the  light,  the 
carbon  dioxid  exhaled  rises  14  per  cent.;  or,  if  the  light  is 
allowed  to  act  on  the  whole  body,  the  increase  amounts  to  36  per 
cent.  Sunlight  is  capable  of  penetrating  the  entire  thickness  of 
the  body,  as  has  been  proved  by  developing  photographs  through 
the  chest.  Blue  light  enhances  metabolism  and  has  a  strong 
absorbent  and  anodyne  effect. 

The  chemic  rays  of  light  are  sedative  and  strongly  bacte- 
ricidal, and  have  been  used  successfully  in  treating  lupus,  cuta- 
neous cancers,  and  other  chronic  skin  diseases.  While  making 
the  application,  the  tissues  are  dehematized  by  pressure,  to  per- 
mit greater  penetration  of  the  rays. 

In  the  Finsen  method  the  heat  rays  from  a  lamp  of  80 
amperes,  or  22,000  candle-power  (20  times  as  strong  as  an 
ordinary  lamp),  are  shut  out  by  quartz  prisms  and  by  passing 
through  cold  water.  The  compressor,  which  consists  of  two  rock 
crystal  lenses  with  a  current  of  running  water  between,  renders 
the  underlying  tissues  bloodless,  and  so  facilitates  penetration. 
The  usual  daily  stance  is  an  hour  in  duration. 

In  the  red-light  treatment  of  small-pox  (and  erysipelas)  the 
ultraviolet  rays  are  excluded  by  having  red  curtains  over  the 
windows,  and,  at  night,  using  lanterns  with  red  slides.  In  this 
way,  Finsen  claims  that  suppuration  is  prevented  and  mortality 
greatly  lessened,  though  the  duration  of  the  disease  is  not 
shortened.  ' 

The  electric  light  bath  (up  to  212**  F.),  originated  by  Kel- 
logg, increases  elimination  more  than  a  Turkish  or  Russian  bath 
of  the  same  duration.  Perspiration  is  induced  much  more 
quickly  and  fully,  because,  though  the  skin  is  a  poor  conductor, 
it  allows  the  passage  of  radiant  energy  in  the  form  of  light. 

Fluorescent  substances  (quinin,  esculin)  are  used  internally 
in  connection  with  the  application  of  radiimi  or  X-rays,  in  order 
to  produce  greater  medicinal  effects.  Good  results  have  been 
obtained  by  painting  superficial  skin  lesions  with  5  per  cent, 
eosin,  and  then  exposing  to  sunlight. 
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SpMtroBOopy. — ^The  spectroscope  is  ao  instrument  for  ex- 
amining the  various  spectra  of  different  substanees.  Ifconsiata 
cBBentially  of  one  or  more  prisms,  several  convex  lenses,  imd 
brass  tubing  to  provide  a  proper  focal  distance.  Flint  glass  hna 
twice  the  refractive  power  of  crown  glass.  By  dovetailing  one 
prism  of  the  tiint  glass  between  two  of  the  crown  glass,  the 
refraction  of  the  latter  is  neutralized  and  the  light  passes  through 
in  straight  lines,  although  dispersed  into  its  component  colors. 
The  direct-vision  spectroscope  is  all  in  one  straight  tube.  The 
single-prism  spectroscope  consists  of  the  collimator  tube  through 
which  the  light  passea  to  the  prism,  and  from  this  is  refracted 
into  the  obaerving  telescope.  A  third  tube  is  sometimes  attached 
BO  as  to  throw  another  beam  of  light  on  tlie  prism,  to  be  reflected 
through  the  telescope  to  the  eye,  for  the  purpose  of  comparison. 

Experiment. — Let  eai^h  student  view  the  sky  through  the  dir«ct- 
viaion  spEctroaoopo,  anil  miLe  the  rninliou'  uf  eolora  crossed  by  dark  lines 
(Frnunhofer's),  which  are  designated  by  letters  in  the  best  instruments. 

There  are  three  kinds  of  spectra  as  studied  with  the  spec- 
troscope: continuous,  bright  line,  and  absorption.  The  first 
is  produced  by  heating  (without  vaporization)  a  solid  or  liquid 
body  in  the  flame  near  the  slit  of  the  spectroscope. 

Experiment. — Sho\v  continuous  spectrum  with  platinum  wire.  The 
first  color  to  appear  is  red,  Miniiwhroiuatic  light,  ol  course,  yields  only 
the  image  of  the  color  present  in  tlie  flame. 

When  a  solid  or  liquid  is  converted  into  vapor  by  increase 
of  temperature,  the  series  of  colored  bands  is  marked  here  and 
there  by  bright  lines,  the  number  and  position  of  the  lines 
indicating  almost  at  a  glance  the  element  or  elements  present 
in  any  compound.  As  the  chlorids  of  the  metals  volatilize  more 
readily  than  do  other  metallic  salts,  it  is  customary  to  dip  the 
wire  into  strong  hydrochloric  acid  before  taking  up  the  sub- 
stance to  be  tested. 

ExpeTiment. — E\n.mine  first  the  spcptnim  of  s,  sodium  salt;  note 
the  two  bripht-yellow  lines,  often  appearing  as  one  line  (D  line).  Then 
examine  and  compare  the  spectra  of  salts  of  lithium,  potassium,  and 
strontium. 

Li  shows  a  brilliant  red  (to  right  of  K  line)  and  a  fainter 
orange  line  distinct  from  the  sodium  line.  Sr  gives  lines  in  the 
yellow,  red  and  blue;  Ba  in  green;  Cs  in  blue;  Rb  in  violet  and 
dark  red;  Tl  in  green. 

The  spectroscopic  method  of  analysis  is  not  only  very  con- 
venient in  many  cases,  but  is  also  exceedingly  delicate,  revealing, 
as  it  does,  the  presence  of  only  H'loooofinn  grain  of  sodium. 

When  a  substance  in  solution  or  in  the  gaseous  state  is 
interposed  between  the  slit  of  the  spectroscope  and  the  source  of 
light,  we  get  absorption-spectra :  that  is  to  say,  dark  lines  and 
bands  where  the  same  substances  held  in  the  flame  would  yield 
bright  lines  or  hands.    The  interposed  gas  or  liquid  seems  to 
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absorb  the  correBponding  raja  of  the  same  wave-length  as  the 
ra38  it  emits.  The  formation  of  absorption-spectra  is  much 
employed  in  organic  spertrnscopy,  particularly  in  teeti  ng  for 
blood  and  its  derivatives. 


Experiment. — Study   and   deficribe    the   ab?orpl 
0,l-|it'r-ei'iit.  aolliliou  of  potuKaiilm  peimangniiat*,  in  a  na 
held  between  the  slit  and  the  llami?,  in  which  a  platinum 

The  dark  linea  of  the  solar  spoctrun 
by  the  luminous  atmosphere  of  the  sui 
elementary  rays  in  the  solid  solar  aphi 
spectrum  represents  only  one-third  of  al 

wave-!ength3  of  the  Frannhofer  lines  range  from  7604  tenth- 
meters  (10i»  =  1  meter)  for  A,  to  5893  for  D,  and  3933  for  Ha, 


' spectrum  of  % 
teat-tube 

are  due  to  absorption 
of  tlie  corresponding 
■e.  The  visible  solar 
the  Bolar  rays.     The 
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I^ comparison  with  the  absorption-spoptra  of  UireBtrial  elements, 
it  has  been  found  that  nearly  all  of  these  exist  In  the  sun,  and 
in  the  same  way  the  chemic  composition  of  many  stars  has  been 
determined.  By  niGana  of  this  delicate  instrument  a  number  of 
rare  elements  have  been  discovered :  cesium,  rubidium,  indium, 
gallium,  thallium,  and  scandium.  A  most  practical  use  of  spec- 
trum analysis  is  the  detection  of  adulterants  and  impurities  in 
chemic  preparations.  The  spark  spectrum  ia  much  more  delicate 
and  complete  than  is  the  arc  spectrum.  Spectra  are  influenced 
by  pressure  and  temperature,  and  it  has  been  shonn  that  the 
same  element  can  be  caused  to  have  different  spectra. 

rouble  Sefraotion. — Some  substances,  as  Iceland  spar,  have 
the  peculiar  property  of  breaking  up  a  ray  of  light  into  separate 
rays.     This  is  called  double  refraction. 

ExpcTiment. — Make  a  pinhole  in  a  card  and  place  over  it  a  piece 
of  caicite.  Note  that  two  points  of  light  are  visible,  ami  that  wtieo  tlie 
spar  is  turned  around  one  point  revolves  about  tbe  other. 

The  ray  which  is  most  refracted  is  called  the  ordinary  ray; 
the  other,  the  extraordinary,  is  the  one  which  performs  the 
circle  about  the  first. 

Polaiization. — Light  is  propagated,  as  s  rule,  in  all  direc- 
tions, perpendicularly  to  the  line  of  radiation.  When  by  the 
action  of  Iceland  spar,  selenite,  or  tourmalin  the  luminiferous 
waves  are  made  to  vibrate  in  a  single  plane,  the  tight  is  said  to 
be  polarized,  and  the  change  is  tenned  polarization. 

The  Nicol  prism  is  a  modified  crystal  of  Iceland  spar,  the 
acute  angles  of  which  have  been  ground  down  to  68°  and  the 
crystal  sawed  diagonally  in  two  from  one  obtuse  angle  to  the 
other,  and  the  two  pieces  rejoined  with  Canada  balsam.  The 
balsam  ia  used  to  produce  total  reflection  of  the  ordinary  ray, 
which  passes  out  at  the  side  of  the  crj-stal.  Tourmalin  absorbs 
the  ordinary  ray,  while  the  extraordinary  one  passes  through. 

Polarized  light  ia  not  to  be  distinguished  by  the  unaided 
eye.  For  this  purpose  we  make  use  of  two  Nicol  prisms,  called, 
respectively,  the  polarizer  and  the  analyzer.  When  the  polarizer 
and  analyzer  are  parallel  as  to  their  axes,  light  passes  freely ;  but, 
when  the  analyzer  is  rotated  so  that  its  axis  is  at  right  angles  to 
that  of  the  polarizer,  the  ray  is  quenched.  The  polariscope  is 
simply  a  combination  of  polarizer  and  analyzer;  a  polarimeter 
includes  also  a  circular  scale  and  a  tube  for  holding  solutions  to 
be  examined. 

Many  transparent  bodies  are  optically  active, — i.e.,  rotate 
a  ray  of  polarized  light  to  the  right  or  the  left, — so  that  the 
analyzer  must  be  moved  a  certain  number  of  degrees  farther 
either  way  in  order  to  shut  off  the  ray  of  light  from  the  polar- 
izer. Substances  that  rotate  polarized  light  to  the  right  are 
designated  as  dextrogyrous,  and  are  indicated  by  the  sign  -{-  ; 
those  which  exercise  tlie  opposite  action  are  termed  levogyrous, 
and  are  marked  — . 
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For  medical  purposes  tlie  polarimctcr  (saccliarimctcr)  is 
employed  mainly  in  the  quantitative  estimation  of  sugars  in 
solution.  The  specific  rotatory  power  of  any  substance  is  the 
angle  in  degrees  of  rotation  effected  by  a  gram  of  the  substance 
dissolved  in  1  c.c.  of  water  in  a  tube  1  dcm.  long.  The  8.r.p. 
of  cane-sugar  (dextrose)  is  +  CG.5;  of  levulose,  — 94.4. 

Since  the  effc^ct  of  optically-active  media  varit»8  with  the 
length  and  strength  of  the  different  color-waves,  it  is  necessary 
in  quantitative  testing  to  employ  monochromatic  light,  usually 
yellow  and  obtained  by  burning  sodium  carbonate  in  the  flame 
of  a  Bunsen  burner.  The  letter  I)  used  in  polarimetric  formulas 
signifies  the  D  line  of  the  solar  spectrum,  which  is  the  location  of 
the  sodium  bright  lines  in  the  spectroscope;  (a)  D  or  [a]  j 
means  the  specific  rotation,  using  the  yellow  sodium  light. 
[A]  20  D  signifies  also  the  temperature  of  the  observation. 


ELECTEICITY. 

The  word  electricity  is  derived  from  the  Greek  name  of 
amber,  which  was  discovered  by  Thales,  about  600  B.C.,  to 
possess  electric  properties:  i.e.,  to  attract  light  bodies  vrhea 
rubbed.  Twenty-two  centuries  later  Gilbert,  Queen  Elizabeth's 
physician,  found  that  many  other  substances  were  electric.  In 
1670  Boyle  obtained  the  iirst  artificial  electric  spark.  Some- 
thing over  one  hundred  years  a^o  Franklin,  by  means  of  a  kite 
and  string,  demonstrated  the  identity  of  lightning  and  electric- 
ity. The  past  quarter  of  a  century  has  seen  such  great  advance- 
ment in  the  practical  application  of  this  agent  that  there  can 
be  no  doubt  we  are  entering  an  age  of  electricity  with  the  passing 
of  the  age  of  steam. 

The  exact  nature  of  electricity  is  unknown.  The  latest  in- 
vestigations point  to  a  return  to  the  Franklinic  theory  of  a  cur- 
rent of  electrons  or  negative  corpuscles.  In  the  electronic  theory 
a  body  is  positively  electrified  wlien  it  has  lost  electrons;  nega- 
tively, when  it  has  gained  them. 

According  to  the  manner  of  production,  electricity  is  desig- 
nated as  frietional  or  mechanic,  inductive,  chemic,  thermal,  and 
vital.  Ideolectrics  is  a  general  name  for  substances  which  gen- 
erate electricity  by  friction ;  anclectrics  include  non-electrics. 

Frietional  electricity  is  of  two  kinds:  positive  and  negative 
(-fand — ).  That  produced  by  rubbing  gla^s  with  silk  is 
termed  vitreous,  or  positive;  that  by  friction  between  flannel  and 
resin  is  called  negative,  or  resinous.  The  human  body  rubbed 
with  wool  becomes  positively  electrified;  with  silk,  negatively. 
Negative  electricity  escapes  very  rapidly  from  incandescent  metals 
or  carbon. 

Experiment. — Hang  two  pith  baUs  from  a  support  by  a  string  of 
silk.     Rub  senling-wax  with   flannel   and  a  glass   rod  with   silk,  and 
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dittrge  each  of  Uie  pitli  balls  by  holding  the  gUsa  or  the  wax  near  them. 
Note  that  when  charged  alike  the  balls  repel  euch  othorj  when  unlike, 
the;  Attract. 

The  electroscope,  usually  employed  for  detecting  the  presence 
of  electricity  in  a  conductor,  has  two  strips  of  gold  leaf  in  place 
of  the  pith  balls,  ' 


Induction  is  the  production  of  electricity  in  another  body 
by  the  mere  proximity  of  an  electrified  object.  'I'he  pith  balls 
are  cJiarged  with  electricity  in  this  way.  The  charge  is  always 
of  an  opposite  character  to  that  of  the  inductor :  thus  the  giass 
charges  tlie  pith  ball  negatively.     When  4"  ^"^  —  electricities 
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meet  they  are  mutually  neutralized  or  discharged^  and  the  body 
affected  is  in  electric  equilibrium^  or  at  rest. 

The  following  rules  of  electric  attraction  and  repulsion  are 
important :  1.  Unlike  electricities  attract,  like  electricities  repel^ 
each  other.  2.  The  total  electric  attraction  or  repulsion  between 
two  substances  equals  the  product  of  their  electric  power.  3. 
The  strength  of  electric  attraction  or  repulsion  varies  inversely 
as  the  square  of  the  distance. 

The  electric  machine  is  an  apparatus  for  storing  up  elec- 
tricity produced  by  friction  between  a  circular  glass  plate  and 
silky  leather,  paper,  or  amalgam.  Induction  or  influence  ma- 
chines are  generally  employed  nowadays  in  place  of  the  former 
machine.  In  these  the  plates  are  provided  with  small  pieces  of 
tinfoil  or  mica  and  are  made  to  revolve  near  each  other  in  opposite 
directions.  Plate  machines  are  affected  by  weather  changes,  as 
moisture  conducts  away  the  stored  electricity.  Anhydrous 
calcium  chlorid  should  be  kept  in  the  case  of  static  machines  to 
take  up  the  moisture. 

Electricity  is  distributed  only  on  the  surface  of  bodies, — 
equally  on  a  sphere,  but  mostly  at  the  ends  of  other  objects :  the 
+  electricity  at  one  end,  the  —  electricity  at  the  other.  Con- 
densers, or  accumulators,  are  designed  to  hold  a  large  amount  of 
electricity  in  a  small  space,  and  depend  upon  the  principle  that 
the  capacity  of  an  object  to  hold  electricity  is  increased  by  the 
proximity  of  another  insulated  object  oppositely  charged.  The 
Ijeyden  jar  is  a  familiar  example.  When  thus  stored  up  in  wait- 
ing for  liberation,  electricity  is  termed  static;  when  in  motion, 
dynamic. 

The  passage  of  electricity  from  one  point  to  another  takes 
place  by  conduction  and,  to  a  less  extent,  by  aerial  convection. 
Metals,  as  a  class,  are  good  conductors,  silver  standing  first, 
with  copper  a  close  second.  Very  poor  conductors  are  called 
insulators,  or  dielectrics.  Such  are  glass,  rubber,  dry  wood,  wax, 
resins,  wool,  dry  paper,  porcelain,  air,  and  silk.  Gas  carbon  U 
2000  times  as  resistant  as  copper  to  an  electric  current.  Water 
is  a  better  conductor  than  air,  the  conducting  power  of  which 
decreases  with  increase  of  temperature.  The  human  body,  par- 
ticularly the  skin,  is  a  poor  conductor  of  electricity,  the  average 
resistance  being  fibout  1000  ohms.  Electricity  escapes  more 
readily  from  points  than  from  smooth  surfaces;  hence  the  use 
of  the  combs  on  the  condensers  of  some  electric  machines,  and 
also  the  principle  of  the  lightning  rod,  which  is  meant  to  bring 
together  quietly  and  gradually  the  opposite  electricities  of  earth 
and  sky.  A  tube  will  carry  twice  as  much  electricity  as  a  bar  of 
the  same  size. 

Atmospheric  electricity  is  generally  static,  and  is  due  to 
vegetation  (gives  off  oxygen  and  carbon  dioxid  gases,  charged 
positively),  to  evaporation,  and  to  the  friction  of  the  wind  on 
the  ground.     It  is  distributed  mostly  in  open  spaces,  and  is  most 
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obundant  about  noon.  It  is  either  positive  or  negative:  the 
former  alwnys  when  the  air  is  quite  clear,  and  varies  in  potential 
from  75  volts  negative  to  300  volts  positive.  The  electric  con- 
ductivity of  the  atmosphere  is  said  to  be  due  to  radioactive 
omanfitions  from  the  earth's  cnist,  and  is  greatly  increased  by 
the  presence  of  radium  or  X-rays. 

Lightning  is  the  electric  discharge  in  aeries,  from  the  posi- 
tively (usually)  charged  clouds  to  the  earth,  on  which  oegativa 
electricity  has  been  induced.  The  flash  itself  depends  on  atmos- 
pheric resistance.  Thunder  is  caused  by  the  dieassociation  of 
water-vapot  in  the  air. 

The  forma  of  lightning  in  order  of  frequency  are  sheet, 
linear,  heat  (too  far  away  to  hear  thunder:  more  than  fifteen 
miles),  and  globe.  The  i^urse  of  lightning  is  generally  zigzag, 
on  account  of  the  varying  resistance  to  its  passage  through  differ- 
ent atmospheric  strata.  The  earth  is  the  great  common  reservoir 
of  electricity,  and  occasionally  lightning  ascends  from  the  ground 
to  the  clouds  when  the  latter  are  negatively  charged. 

The  effects  of  lightning  on  human  beings  are  those  oi 
artificial  electricity,  namely:  bums,  escape  of  blood  from  the 
vessels,  shock,  deafness,  blindness,  paralysis,  and  sudden  death 
from  hemorrhage  into  the  medulla.  Persons  at  some  distance 
from  the  spot  where  a  "lightning-stroke"  occurs  often  suffer 
from  what  is  styled  the  return  shock.  That  is,  on  the  approach 
of  the  electric  force  from  the  clouds  the  body  becomes  charged 
by  induction  with  the  opposite  kind  of  electricity,  which  is  sud- 
denly lost  when  the  terrestrial  and  atmospheric  charges  neutralize 
each  other.  Fulguration  is  a  term  applied  to  the  effects  of 
lightning:   sideratiou,  to  the  effects  of  electric  currents. 

Static  electricity  is  used  to  some  degree  for  medical  pur- 
poses. It  has  one  advantage  over  other  kinds  of  electricity, 
and  that  is  its  greater  tension  or  penetrating  power  or  capacity 
of  overcoming  resistance;  it  can  be  administered  through  the 
clothing.  Its  effects  are  due  chiefly  to  extremely  high  polariza- 
tion of  nerve  and  muscle  (Maesey).  The  spark  is  whitest  (from 
incandescent  osygen)  near  the  positive  pole. 

Galvanic,  or  voltaic,  electricity  is  that  form  produced  by 
chemic  action.  A  galvanic  cell  consists  of  a  chemic  solution, 
usually  an  acid  miiture,  in  which  are  placed  two  (or  tiiree) 
platee.  the  upper  ends  of  which  are  connected  by  copper  wires. 
The  plates  must  differ  in  susceptibility  to  the  chemic  action  of 
the  fluid.  The  one  that  is  more  acted  on  is  called  the  positive 
plate;  the  other,  tlie  negative.  In  medical  electric  apparatus 
zinc  is  usually  employed  for  the  -|-  plates;  gas  carbon  for  the 
negative  (Grenet  cell).  The  wire  attached  to  the  -|-  plate  is 
teimed  the  —  rheophore,  and  its  end  the  —  pole  (cathode)  or 
electrode;  that  attached  to  tlie  —  plate  is  the  +  po'^  (anode) 
or  electrode. 
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Experiment. — Conntruct  a  Hunple  galvnnic  cell  with  a  piece  eocU  of 
Einc  and  carbon  in  b  dilute  ucid.  Connect  the  plutea  with  copper  wires, 
■nd  note  that  clicinic  action  in  mure  ni.irkoil  wGcn  the  ends  of  the  wirea 
%te  made  to  tfliich  each  otl>er. 

The  electricity  generated  by  cbemic  action  at  the  +  plate 
Eeems  to  flow  in  a  circle  or  current  from  the  zinc  to  the  carbon 
and  thence  over  the  wires  to  the  zinc  plate  again.  When  the 
two  wires  are  joined,  the  circuit  is  said  to  be  cloaed;  when 
separated,  the  circuit  is  open.  Making  and  hrealdug  the  circuit 
is  another  way  of  expressing  tlic  same  thing. 

The  two  polea  can  be  distinguished  (1)  by  immersing  them 
in  a  little  water,  when  bubbles  will  be  seen  to  collect  on  the 


cathode;  or  (2)  by  placing  one  on  either  side  of  a  strip  of 
unitized  paper  wet  with  a  Boliition  of  potassium  iodid,  a  brown 
stain  appearing  at  the  anode.  Applied  to  the  tongue,  the  cur- 
rent gives  an  acid  taste  at  the  +  pole :  a  weaker,  alkaline  taste  at 
the  —  pole. 

A  battery  is  simply  a  combination  of  galvanic  cella.  The 
arrangement  of  the  cells  in  a  galvanic  battery  varies  with  the 
particular  use  desired.  For  medical  purposes  the  cells  are  con- 
nected in  series,  or  tandem,  i.e.,  the  carbon  of  one  cell  to  the 
zinc  plate  of  the  next.  They  are  linked  here  for  intensity — 
to  overcome  high  external  resistance,  namely:  that  of  the  ekin. 
When  the  internal  reflistonce — that  of  the  battery-fluid — is  com- 
paratively great,  the  cells  are  linked  for  quantity,  carbon  to 
carbon  and  zinc  to  zinc,  broadening  the  path  of  the  currMit 
through  the  fluid.  This  arrangement  is  known  as  parallel, 
abreast,  or  in  multiple  arc. 
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The  battery-fluid,  or  electropoion,  most  commoDly  nae'l 
coDsista  of  2  drams  of  bisnlphate  of  mercury  dissolved  in  a 
pint  of  water,  to  which  is  added  3  ounces  of  powdered  dichro- 
mate  of  Podium  and  then  slowly  3  fliiidounces  of  commercial 
sulphuric  acid.  The  office  of  the  sodium  salt  is  to  unite  with 
the  hydrogen  set  free  from  the  acid  in  the  action  of  the  latter 
on  the  zinc.  When  hydrogen  is  not  taken  up  in  this  way  bub- 
bles of  the  gas  soon  form  a  coating  on  the  carbon  plate,  inter- 
fering with  the  passage  of  the  current. 

The  Daniell  cell  is  a  glass  jar  containing  a  EatuM^l^gglu- 
tion  of  copper  sulphate,  in  which  stands  a  copper  cylinder, "an? 


«-*^ 


within  the  latter  a  porous  cup  containing  a  strip  of  platinum  in 
nitric  acid  and  zinc  in  sulphuric  acid.  The  Leclanche  cell  (car- 
bon cylinder  open  circuit  battery)  has  a  zinc  rod  coupled  with  n 
compressed  cylinder  of  carbon  and  manganese  dioxid.  The 
ammonium  chlorid  solution,  also  present,  acts  on  the  zinc 
(forming  ZnNHiCla),  while  the  hydrogen  is  oxidized  and 
removed  by  the  oxid  of  manganese.  This  battery  polarizes 
rapidly,  but  is  of  use  for  short  periods  intermittently — depolariz- 
ing when  left  to  itself.  Its  E.M.F.  is  about  1.5  volts;  resist- 
aoce,  0.7  ohm.  The  ordinary  dry  cell  (1.5  volta,  0.54  ohm)  is 
a  zinc  cell  {interna!  plate  surface)  containing  a  pasty  mixture  of 
ammonium  chlorid,  zinc  chlorid  and  plaster,  and  in  the  center 
ft  carbon  plate  surrounded  by  granulated  carhon  and  manganese 
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dioxide  with  a  porous  septum  separating  them  from  the  chloride. 
Just  enough  water  is  added  to  moisten  the  granulated  carbon^ 
and  the  top  is  hermetically  sealed. 

In  the  storage,  or  secondary,  battery  plates  of  sheet-lead 
are  immersed  in  dilute  sulphuric  acid,  the  dichromate  being 
omitted.  A  current  of  electricity  is  passed  through  from  the 
ordinary,  or  primary,  battery.  Hydrogen  collects  on  one  plate 
and  oxygen  on  the  other.  The  charge,  or  polarity,  thus  pro- 
duced remajjis  for  several  weeks.  Connecting  the  plates  yields 
^  ^VMVt  of  a  strength  about  double  that  of  a  primary  cell, 
anJ  opposite  in  direction.  Storage  batteries  are  also  made  from 
red  lead  rolled  up  together  with  two  perforated  lead  sheets,  with 
flannel  between,  and  immersed  in  dilute  sulphuric  acid.  Metallic 
lead  collects  on  the  cathode  and  the  perozid  of  lead  on  the 
anode  through  chemic  decomposition  when  the  current  is  on. 
Edison's  ^^charging  machine^'  has  cells  of  nickel  oxid  and  iron 
oxid  immersed  in  an  alkaline  fluid. 

Flaws  or  impurities  in  the  2anc  plates  of  a  galvanic  battery 
lead  to  the  formation  of  local  currents  that  tend,  of  course,  to 
weaken  the  main  flow.  To  obviate  this  defect  it  is  customary 
to  coat  the  zinc  with  quicksilver,  which  forms  a  smooth  amal- 
gam, and  thus  prevents  the  local  action  mentioned.  The  bisul- 
phate  of  mercury  in  the  formula  given  above  will  keep  the  zinc 
plates  well  amalgamated.  A  rusty  surface  inpedes  the  passage 
of  the  current,  and  care  should  be  taken  not  to  let  the  acid  fluid 
come  into  contact  with  the  external  parts  of  the  battery. 

The  electric  current  is  the  result  of  a  difference  in  poten- 
tial (charge)  of  different  bodies  or  parts  of  a  body:  much  on 
the  same  principle  as  that  "water  seeks  its  level.''  The  elec- 
tromotive force  (E.M.F.),  or  tension,  is  the  total  electric  energy, 
or  current  ability,  or  pressure,  arising  from  a  difference  in 
potential.  It  is  the  result  of  a  tendency  to  re-establish  equilib- 
rium, and  has  been  compared  to  the  force  used  with  a  pump  in 
driving  water  through  a  pipe  from  a  reservoir  to  a  higher 
elevation. 

The  volt  (element)  is  the  imit  of  B.M.F.  It  is  about  equal 
to  the  power  of  a  Daniell  cell,  or  one-half  the  power  of  a  Grenet 
or  storage  cell.  The  actual  working  strength  of  a  current  varies 
inversely  as  the  length  and  directly  as  the  square  of  the  diameter 
of  the  conducting-wire.  The  unit  of  resistance  is  called  the  ohm, 
and  is  equal  to  the  resistance,  at  f.p.,  of  a  colimin  of  mercury  of 
uniform  thickness  1  sq.  mm.,  106.3  cm.  in  length  and  weighing 
14.45  gm.;  or  to  that  of  a  copper  wire  250  feet  long  and  %o 
inch  in  diameter.  The  resistance  of  the  Atlantic  cable  is  700 
ohms.  For  practical  purposes  coils  of  known  resistance  are 
employed  for  measuring  ohmage.  A  megohm  is  1,000,000  ohms; 
a  microhm,  Moooooo  ohm. 

The  unit  of  volume  or  quantity  of  actual  current  is  called  an 
ampere  (weber),  and  is  equal  to  a  volt  of  E.M.F.  passing  through 
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an  ohm  rtf  reRistance.     One  ampere  of  cmreiit  depoaita  electro- 
lytically  1.177  gm.  copper  per  hour. 

For  medical  purposes  the  ampi^re  is  divided  into  thousandths, 
— i.e.,  milliainpSres, — of  which  from  1  to  100  or  more  may  be 
administered,  according  to  the  special  indications.  The  milli- 
amperemeter  is  an  instrument  for  measuring  current  strength  in 
the  medical  application  of  electricity.  It  consista  essentially 
of  a  magnetic  needle,  around  which  the  conducting  wire  is  made 
to  pass.  The  degree  of  deflection  of  the  needle  thus  occasioned 
(by  induction)  indicates  the  exact  strength  of  the  current.  The 
Weston  miiliammeter  depends  on  the  mutual  induction  of  coils. 
The  E.M.F.  of  the  static  current  is  determined  by  the  diameter  of 
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the  revolving  plates,  and  the  volume  by  the  number  of  plates 
(8  to  12) .  The  silver  voltameter  consists  of  a  rod  of  pure  silver 
(anode)  immersed  in  pota.=aium  cyanid  solution  in  a  platinum 
or  silver  dish  (cathode),  the  silver  being  deposited  on  the  cathode 
by  electrolysis.  One  coulomb  separates  electrolytically  par 
second  0.0104  mg.  hydrogen  or  1.1175  mg.  sOver. 

The  current  is  regulated,  decreased,  or  increased,  by  the 
introduction  of  more  or  less  of  a  poor  conducting  material,  as 
graphite  or  water,  or  coils  of  German  silver  wire,  known  tech- 
nically as  a  rheostat.  The  principle  of  the  rheostat  is  like  that 
of  a  sluice,  which  can  be  raised  and  lowered.  When  a  current  of 
electricity  is  passed  in  the  reverse  direction  to  a  galvanic  cell, 
chemic  change  is  diminished,  annulled  or  even  reversed. 

The  resistance  and  its  complement,  the  conductance,  are 
inversely  proportional  to  each  other.  Resistance  is  increased  in 
metals  (conductors  of  first  order)  and  diminished  in  salt  solu- 
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tions  (conductors  of  second  order)  by  elevation  of  tanperature. 
Resistivity  is  the  specific  resistance  of  a  column  of  substance  1  m. 
long  and  1  sq.  mm.  in  cross  section.  That  of  silver  being  taken 
as  100,  that  of  mercury  equals  5953.  Conductivity  is  the  comple- 
mentary term.  Current  density  is  the  current  in  units  of  current 
strength  per  sq.  cm.  of  cross  section  of  conductor.  The  potential 
gradient  (gradual  diminution  of  potential  difference  in  units  of 
E.M.F.  per  cm.  of  conductor)  is  determined  by  dividing  the  cur- 
rent density  by  the  conductivity. 

Other  units  used  in  electric  measurements  are  as  follows: 
The  coulomb,  or  unit  of  quantity,  the  force  of  a  dyne  at  1  cm., 
is  an  ampere-second:  i.e.,  a  current  of  an  ampc^re  in  one  second 
of  time.  The  farad  of  static  electricity  is  equivalent  to  a 
coulomb-volt.  The  watt,  or  unit  of  total  electric  energy,  rep- 
resents the  product  of  the  voltage  and  aniyK>rage,  and  is  equivalent 
to  %46  horse  power.  A  volt  through  an  ohm  =  ampere  (rate) 
=  coulomb  (quantity  in  second)  =  joule  (work  done)  =  watt 
(rate  at  which  work  is  done) .  An  "electric  horse  power**  =  1.34 
kilowatt.  The  henn^  is  the  unit  of  induction  in  a  circuit  with 
one  volt  of  E.M.F.,  while  the  inductive  current  varies  one  ampere 
per  second. 

The  effects  of  the  galvanic  current  are  physic,  chemic,  and 
physiologic.  Heat,  light,  sound,  and  mechanic  motion  may  be 
produced  by  a  sufficiently  strong  current.  One  of  the  most 
interesting  of  chemic  effects  is  that  of  electi-olysis,  or  decompo- 
sition of  a  substance  (usually  in  solution)  into  its  elements. 
Water,  for  instance,  is  broken  up  into  hydrogen  and  oxygen. 
Only  those  liquids  whith  are  conductors  can  be  decomposed 
electrolytically.  Tho  modern  view  is  that  solution  of  an  electro- 
lyte causes  dissociation,  and  the  galvanic  current  separates  the 
already  liberated  ions  at  the  res})ective  electrodes. 

When  a  salt  in  solution  is  elcctrolyzed  the  metal,  or  alkaline 
part,  or  cation,  collects  on  the  negative  platinum  pole;  and  the 
negative,  or  acid  part,  or  anion,  at  tlie  positive  pole.  This  fact 
is  made  use  of  in  gilding,  electroplating,  and  electrotyping,  in 
analysis  and  the  extraction  of  metals. 

In  the  two  former  processes  the  object  to  be  coated  is  sus- 
pended from  the  —  pole  of  a  battery,  while  a  piece  of  the  metal 
desired  is  attached  to  the  +  pole,  both  being  immersed  in  the 
plating  fluid,  usually  a  solution  of  the  cyanid  of  the  metal  in 
question.  When  the  current  is  set  in  operation  the  dissolved 
substance  is  decomposed,  with  dc])osition  of  the  gold,  silver,  or 
nickel  on  the  object  attached  to  the  pole.  Articles  to  be  plated 
should  first  be  thoroughly  cleansed  with  a  hot  solution  of  caustic 
potash  or  by  pickling  in  a  mineral  acid,  then  given  a  thin  film  of 
mercury  ("quicking")  by  washing  in  a  solution  of  mercuric 
nitrate.     Electrogilding  is  best  done  in  hot  solutions. 

Electrotypes* are  made  much  as  follows:  An  impression  is 
made  with  the  lines  of  type  in  melted  wax,  which  is  then  coated 
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over  with  powdered  graphite.  The  mold  is  then  suspended  from 
the  —  pole  in  an  acid  bath  of  cupric  sulphate,  containing  also 
a  copper  plate  hanging  from  the  +  pole.  The  passage  of  the 
current  acts  in  the  same  manner  as  for  electroplating.  The 
process  of  photogravure  also  depends  on  electrolysis  and  on  the 
fact  that  potassium  dichromate  in  a  gelatin  film  is  not  soluble 
after  being  acted  upon  by  light. 

Experiment. — Decompose  potassium  iodid  solution  containing  a 
little  boiled  starch  by  means  of  electrolysis.  Note  the  blue  color  pro- 
duced by  the  action  of  free  iodin  on  the  starch. 

Experiment. — ^Make  a  "tin  tree"  by  electrolysis,  using  a  solution 
of  stannous  chlorid  acidulated  ^vith  hydrochloric  acid.  On  which  pole 
do  the  tin  crystals  collect? 


Pig.  19.--Blectroly8l8. 

The  galvanic,  or  constant  current,  as  it  is  often  called,  is 
much  used  in  medicine,  especially  to  stimulate  and  exercise  by 
contractions  paralyzed  muscles,  in  this  way  preventing  atrophy 
until  Nature  restores  the  nervous  connections.  Electrotonus  is 
the  name  applied  to  the  increase  of  the  normal  nerve-current 
induced  by  the  passage  of  a  galvanic  current  along  the  nerve. 
Both  the  normal  nerve-current  and  the  eleetrotonic  condition 
are  shown  by  the  galvanoscope  or  galvanometer  (milliamp6re- 
meter).  In  electrotonus  the  excitability  of  the  nerve  in  the 
neighborhood  of  the  positive  pole  is  decreased  (aneleetrotonus), 
whereas  at  the  negative  pole  it  is  augmented  (catclectrotonus). 
Hence,  if  an  excitant  action  is  desired  the  cathode  is  placed 
over  the  part;  if  a  sedative,  the  anode  is  applied.  The  anode 
has  a  vasoconstricting,  coagulating  and  hemostatic  action;  the 
cathode  acts  as  a  vasodilator.     Acid  substances  diminish,  alkaline 
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agents  increase  the  normal  nerve-currents.  The  current  is 
reversed  by  weakening  ("negative  variation")  when  nerves  and 
muscles  are  stimulated  and  tetanized. 

The  electric  reaction  of  the  nerves  (and  the  muscles  they 
supply)  originating  at  or  below  a  spinal  lesion  is  rapidly  dimin- 
ished and  soon  lost  from  degeneration  due  to  trophic  changes. 
In  central,  or  brain,  paralysis,  on  the  other  hand,  the  response 
of  the  nerves  and  muscles  on  the  paralyzed  side  is  not  less  marked 
than  on  the  sound  side.  Normally  the  greatest  effect  is  elicited 
on  cathodic  closing  and  anodic  opening  of  the  circuit,  but  in  the 
degenerative  condition  just  mentioned  the  opposite  phenomena 
obtain :  i,e,,  the  contractions  are  greatest  on  anodic  closing  and 
cathodic  opening.  Such  an  alteration  is  termed  the  reaction  of 
degeneration  and  is  accompanied  by  loss  of  faradic  and  increased 
voltaic  irritability. 

In  employing  the  constant  current  for  a  stimulant  effect 
on  muscles  and  nerves  it  is  customary  to  lessen  resistance  by 
using  a  rather  large  sponge  electrode  moistened  with  water  or 
brine.  The  sponge  is  used  dry  when  the  stimulus  is  to  be  con- 
fined to  the  skin.  The  resistance  is  less  in  places  where  there  are 
many  sweat  glands  and  diminishes  with  the  action  of  the  cur- 
rent. The  galvanic  current  has  no  effect,  except  electrolysis,  in 
the  period  between  the  make  and  the  break.  It  should  be  turned 
on  gradually  to  the  required  dosage;  the  seance  may  last  from 
one  to  ten  minutes,  and  then  the  current  should  be  turned  off 
slowly,  thus  avoiding  annoying  shock  to  the  patient.  Three 
hundred  volts  (alternating  current)  have  caused  death  in  man. 

Another  common  medical  use  of  galvanism  is  for  its  elec- 
trolytic effect  in  resolving  tumors,  strictures,  etc.  For  this  pur- 
pose a  suitable  metallic  electrode  attached  to  the  —  pole  is 
employed.  If  a  drying  action  is  desired,  as  in  the  case  of  an 
unhealthy  ulcer,  the  electrode  should  connect  with  the  -}-  pole, 
around  which  the  negative,  or  acid,  substances  congregate.  The 
action  is  most  marked  in  morbid  tissues  of  low  vitality. 

Experiment. — ^Attach  an  ordinary  steel  needle  to  each  pole  of  the 
battery,  and  pass  the  current  for  ten  minutes  through  a  piece  of  meat. 
Mote  changes  in  needles  and  surrounding  areas. 

Epilation,  or  the  permanent  removal  of  hair,  by  electricity 
is  an  example  of  electrolysis,  the  needle  used  to  pierce  the  hair- 
follicle  being  attached  to  the  cathode.  Cataphoresis,  or  the 
forcing  of  medicaments  into  the  tissues  by  means  of  the  con- 
stant current,  is  but  seldom  employed,  having  little,  if  any, 
advantage  over  the  ordinary  methods  of  administering  medicines. 
Electrocauterization  is  of  great  service  in  the  treatment  of  dis- 
eased mucous  membranes.  For  cautery  effects  the  storage  or 
secondary  battery  is  usually  selected,  on  account  of  the  greater 
intensity  of  its  current;  and  the  electrodes  are  of  platinum, 
because  of  its  resistance  and  infusibility. 
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Sinusoidal  alternating  curreDts  are  intennediate  between 
constant  and  induction  currents.  They  are  produced  by  small 
alternating  current  djTiamos  with  permanent  magnets  or  electro- 
magnets. They  produce  no  chemic  effects,  and  each  wave  moves 
in  the  opposite  direction  to  the  preceding  one.  The  sinusoidal 
current  has  a  smooth  and  gradual  variation  above  and  below  the 
zero  line. 

By  its  frequency  is  meant  the  number  of  waves  per  second. 
Periods  are  double  waves;  two  in  opposite  directions.  It  is 
typically  adapted  for  muscle  stimulation,  and  is  not  so  painful 
as  the  ordinary  induced  current.  Sinusoidal  currents  of  con- 
siderable potency  and  a  frequency  of  100  to  200  per  second  give 
rise  to  serious  and  even  fatal  accidents,  and  are  used  for  electrD- 
cutions.  If  the  potential  is  increased  and  the  frequency  reaches 
several  hundred  millions  or  several  billions,  whatever  the  voltage 
the  current  becomes  harmless.  This  strange  fact  is  comparable 
with  the  fact  that  sound  affects  the  organ  of  hearing  and  light 
that  of  sight  only  within  certain  limits  of  vibrations.  A  cycle 
of  alternating  current  eonsista  of  a  double  wave.  Street  currents 
range  from  40  to  150  cycles  per  second. 

Frictional  electricity  travels  at  the  rate  of  283,000  miles 
per  second ;  the  long  Hertzian  waves,  at  the  same  rate  as  light. 
In  practice  the  gaivanic-curront  velocity  depends  largely  on  the 
length  of  the  circuit  and  the  character  and  area  of  the  conductor. 
Nerve-currents  move  at  the  rate  of  only  35  to  100  meters  per 
second.  Frictional  electricity  is  smnil  in  amount,  but  of  high 
tension ;  current  electricity  is  of  low  tension  but  greater  guantity. 

Thermo-electricity  is  generated  by  heat  in  conductors  of 
relatively  small  caliber  or  in  obstructed  conductors.  While  this 
form  of  electricity  may  be  produced  in  a  single  metal,  it  is 
customary  to  solder  together  one  end  of  bars  of  two  metals, 
heating  the  bars  at  their  junction.  The  thermo-electric  pile 
consists  of  49  pairs  of  bismuth  and  antimony  bars  arranged  in 
7  rows.  The  thermo-electric  current  is  feeble,  though  steady  and 
convenient.  Other  piles  are  made  of  70  or  more  pairs  of  iron 
and  type-metal,  or  of  iron  and  galena. 

Tital  electricity  is  possessed  by  plants  as  well  as  animals. 
The  most  striking  example  of  animal  electricity  is  the  Gym- 
notus,  or  electric  eel  of  South  America,  which  is  said  to  give 
shocks  so  strong  as  to  stun  horses  and  cattle.  Its  electric 
apparatus  consists  of  a  series  of  prismatic  tubes  filled  with  an 
albuminous  liquid,  arranged  along  the  sides  of  the  body  and 
connected  with  a  special  lobe  of  the  brain.  The  strength  of 
a  series  of  discharges  of  vital  electricity  gradually  lessens  from 
first  to  last.  Animal  electricity  is  mainly,  if  not  wholly,  of  the 
Etatic  variety,  usually  positive. 
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MAONETISH  AND  ELECTBOMAOHETISIL 

Magnetism  is  the  property  of  attraction  or  repalflion  of 
masses  of  like  elements^  exhibited  especially  by  iron,  nickeU 
and  cobalt.  It  is  a  molecular  force  related  to  electricity.  Each 
molecule  is  thought  to  be  traversed  by  a  closed  electric  circoity 
and  these  currents  become  parallel  when  the  iron  is  magnetized. 
The  natural  magnet,  or  lodestone,  is  an  ox  id  of  iron,  which  was 
first  found  in  Magnesia,  Asia  Minor;  hence  the  name  of  magnet. 

Artificial  magnets  are  made  by  rubbing  with  the  lode- 
stone  or  with  other  artificial  magnets,  or  by  induction  from 
the  electric  current  through  a  coil  of  wire.  Temporary  mag- 
nets, like  that  of  the  faradic  battery,  are  composed  of  soft  iron; 
permanent  magnets  retain  the  power  of  attraction  for  a  long 
time,  and  are  made  of  tempered  steel  or  chilled  cast  iron. 

Artificial  magnets  are  of  two  forms :  the  bar  and  the  horse- 
shoe. The  latter  is  generally  employed.  When  not  in  use  its 
armature,  or  keeper,  should  always  be  applied  to  prevent  the 
escape  of  magnetism.  Compound  magnets  are  composed  of  thin 
sheets  of  steel  screwed  together;  they  are  stronger  than  simple 
ones.     The  property  of  magnetism  is  lost  at  a  red  heat. 

Experiment. — Show  the  action  of  a  bar  magnet  on  iron  filing! 
placed  on  the  other  side  of  a  shc>4>t  of  paper  and  of  a  piece  of  glass, 
proving  that  magnetism  docs  not  require  the  presence  of  air.  Sift  the 
filing  on  the  paper  and  show  how  the  lines  of  magnetic  force  radiate 
in  all  directions. 

The  two  ends  of  a  magnet  are  called  its  poles.  No  matter 
how  small  the  magnet  or  into  how  many  pieces  it  may  be  broken, 
each  fragment  has  still  two  poles.  When  a  magnet  is  freely 
suspended,  one  end,  or  pole,  always  points  toward  the  north;  the 
other,  to  the  south.  A  needle  magnet  balanced  over  a  circular 
chart  constitutes  the  mariner's  compass.  An  astatic  needle  con- 
sists of  two  parallel  magnets  on  a  common  axis,  with  unlike  poles 
suprajacent.     It  is  not  affected  by  the  earth's  magnetism. 

Experiment. — With  a  bar  magnet  and  a  compass  show  how  like 
poles  repel  and  unlike  attract. 

The  earth  itself  is  a  great  magnet,  its  magnetism  being 
due  probably  to  electric,  currents  flowing  from  east  to  west  and 
generated  by  the  sun's  rays  (sun-spots,  northern  lights).  The 
magnetic  poles  of  the  earth  do  not  correspond  with  the  geo- 
graphic poles.  The  north  magnetic  pole  is  in  King  William 
Land  in  70°  north  latitude;  the  south  pole  in  Victoria  Land, 
75^4°  south  latitude.  The  longitude  of  these  poles  shifts  from 
east  to  west  and  back  again,  the  oscillation  requiring  centuries 
for  its  completion.  At  present  the  north  magnetic  pole  is 
moving  westward  at  the  rate  of  1°  in  twelve  years.  From  these 
facts  it  is  evident  that  the  north  pole  of  the  compass  points 
directly  north  only  in  the  meridian  which  passes  through  the 
noi-th  magnetic  pole.    This  meridian  is  known  as  the  line  of  no 
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variation.  The  "dipping-"  of  tlie  needle  from  the  horizontal 
increaees  ae  we  approach  the  magnetic  pole,  where  it  would 
stand  Tcrtical  were  it  not  counterpoised  by  a  weight  at  the 
opposite  pole. 

The  dual  nature  of  mngiictism  is  designated  hy  the  term 
polarity.  Substancee,  like  iron,  that  are  attracted  hy  the  maj(- 
net  and  arrange  themselves  asially  between  its  poles,  are  called 
paramagnetic.  Those  which  are  repelled  and  take  an  equatorial 
position  between  the  poles  are  termed  diamagnetic.  Bismuth 
is  the  foremost  example  of  this  class.  All  substances  in  the 
form  of  heated  gas  are  diamagnetic. 

Besides  the  compass,  the  chief  applications  of  permanent 
magnets  are  in  removing  pieces  of  iron  or  steel  from  the  eye, 
in  separating  magnetite  from  sand  and  crushed  rock,  and  in 
freeing  malt  and  grain  from  pieces  of  scrap-iron.  Soft  mag- 
nets are  employed  very  esttusively  in  faradic  batteries  and 
electric  dynamos.     Literally,  animal  magnetism  does  not  exist. 

electeouaqhetzsh,  or  electsosyhahics. 

When  a  bar  magnet  is  placed  within  a  coil  of  wire  (solenoid), 
it  seta  up  a  current  of  electricity  in  the  coil,  and  when  the  magnet 
is  removed  there  is  a  current  in  the  opposite  direction  to  the 
first.  Conversely,  when  a  piece  of  soft  iron  is  placed  within 
a  coil  through  which  a  current_  of  electricity  is  passing,  the 
iron  becomes  magnetic.  When  one  coil  ia  placed  within  or 
without  another  through  which  a  current  is  passing,  a  sec- 
ondary or  induced  current  is  pro<luced  in  the  former:  in  the 
opposite  direction  at  the  make  of  the  primary  or  battery  cur- 
rent, in  the  same  direction  at  the  break.  In  practice  the  primary 
heli^.  or  coil,  is  made  short  and  thick,  so  as  to  offer  as  little 
resistance  as  possible  to  the  electric  How.  TJie  secondary  coil, 
on  the  other  hand,  should  consist  of  a  long,  thin  wire,  since, 
the  longer  (50  miles  or  more  in  powerful  instruments),  and 
thinner  it  is,  the  greater  the  induction.  Both  coils,  of  course, 
should  be  carefully  insulated, 

BxpeTunent.— .Show  loDgnctic  inductioD  with  iron  tacks  and  mag- 
nvls;  liow  one  tack  attachMi  to  the  magnet  can  be  made  to  pick  up 
another. 

The  Ruhmkorff  iuduction-coil  consists  essentially  of  a  gal- 
vanic battery  with  its  connecting  wires,  a  secondary  helix,  a 
soft  magnet,  a  spring  interrupter,  and  a  condenser.  The  best 
coils  give  a  spark,  at  the  break,  several  feet  in  length.  The 
faradic  battery  is  the  same  as  a  Ruhmkorff  coil  minus  the  con- 
denser. The  draw-tube  in  the  battery  is  placed  between  the 
primary  and  the  secondary  coils,  and  when  drawn  out  increases 
the  current  by  removing  obstruction  to  induction. 

The  two  faradic  currents  (primary  and  secondary)  are  also 
known   as   interrupted   currents.     The   secondary,  or   induced. 
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current,  is  stronger  than  the  primary,  or  battery,  current.  Either 
current  is  much  more  intense  at  the  break  than  at  the  make  of 
the  circuit,  since  at  the  break  the  extra  current  set  up  by  induc- 
tion between  adjacent  turns  of  the  same  coil  runs  in  the  same 
direction  as  the  principal  current,  while  at  the  make  it  goes 
against  the  main  current  and  reduces  its  force.  As  a  nerve- 
stimulant  and  muscle-tonic  the  interrupted  current  is  preferred 
in  most  instances  to  the  constant  current.  Galvanism  (inter- 
rupted) has  a  deeper  effect  than  faradism,  and  hence  is  employed 
in  the  treatment  of  internal  organs  and  the  stimulation  of 
paralyzed  muscles  that  do  not  react  to  the  faradic  flow.  The 
high  frequency,  or  high  potential,  current  is  the  static  induced 
current.  The  direct  incandescent  current  (Edison)  of  110 
volts  has  the  same  effect  as  the  galvanic,  but  has  about  one-third 
as  much  amperage,  hence  is  less  irritating. 

The  passage  of  electricity  from  a  Ruhmkorflf  coil  throu^ 
vacuum  apparatus,  such  as  Crookcs's  tubes,  gives  rise  to  a  bnl- 
liant  display  of  phosphorescent  light  (cathode  rays,  electn)n8)y 
of  a  greenish  hue  (on  account  of  soda  in  glass),  which  sets  up 
invisible  discontinuous  ether  pulses  on  the  outside  of  the  tube, 
termed  the  X-rays.  The  cathode  rays  passed  through  an 
aluminum  window  are  known  as  Lenard's  rays. 

The  X-rays  are  peculiar  in  that  they  penetrate  many  objects 
opaque  to  ordinary  light,  such  as  wood,  paper,  and  flesh.  On  the 
other  hand,  they  do  not  pass  through  glass.  It  is  easy  to  com- 
prehend how  they  may  be  made  to  form  a  shadow,  or  silhouette, 
of  bodies  opaque  to  themselves  on  a  sensitized  plate,  which  may 
be  developed  as  any  other  photographic  negative  (skiagram). 
The  fluoroscope  does  away  with  the  necessity  of  photographic 
methods  in  connection  with  the  X-rays.  It  consists,  in  the 
main,  of  a  sheet  of  pasteboard  coated  with  some  fluorescent 
material  (platino-barium  cyanid  or  tungstate  of  calciimi),  which 
reveals  directly  to  the  observer's  eyes  the  shadow  of  the  dceleton 
or  of  foreign  bodies  imbedded  in  the  flesh.  Fluoroscopy  is,  how- 
ever, not  nearly  so  delicate  and  certain  as  skiagraphy.  X-rays 
and  radium  convert  air  and  other  gases  into  conductors  of 
electricity,  so  tliat  they  discharge  an  electroscope  when  it  is 
brought  near. 

High-vacuum  or  hard  tubes  have  one-millionth  per  cent, 
vacuum.  The  rays  of  these  tubes  have  small  volume,  but  are 
more  penetrating  than  from  soft  tubes.  Vacua  tend  to  become 
greater  by  use  of  the  tubes.  This  is  regulated  by  heating  a 
scaled-in  platinum  wire  containing  occluded  hydrogen,  or  is  self- 
regulated  by  the  generation  of  heat  in  a  small  auxiliary  tube  of 
low  vacuum.  X-ray  bums  are  due  to  the  greater  number  of 
rays  in  low- vacuum  tubes;  they  are  prevented  by  lead  foil. 
X-rays  are  of  great  use  in  surgical  (fractures,  exostoses,  foreign 
bodies)  and  dental  (non-erupted  teeth,  abnormal  roots,  necrosis, 
abscesses)  diagnosis,  and  have  proved  of  value  in  treating  skin 
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diseascB  and  superficial  tumors.  Morton  gives  fluorescein  inter- 
nally in  connection  with  the  use  of  X-rays,  (ieyeloping  light  in 
the  interior  of  the  body:  30  drops  o£  a  solution  of  fluorescein 
(1  to  30  of  water),  X-ray  exposure  40  minutes  later.  Biamuth 
salts  are  often  mixed  with  bread  and  milk  or  other  foods  to  show 
the  shape  and  position  of  some  body  cavity. 

The  electric  djTiamo  is  the  basis  of  nearly  all  the  practical 
industrial  applications  of  electricity.  It  consists  of  a  revolving 
electromagnet,  or  armature  (coDBisting  of  a  core  of  soft-iron 
wires,  around  which  are  wound  coils  of  insulated  copper  wire, 
each  connected  with  a  knee-plate,  from  which  the  electricity 
passes  off  on  metallic  brushes,  which  run  in  opposite  directions, 
since  the  polarity  of  the  cores  is  reversed  with  each  semirevolu- 
tion) ;  and  a  fixed,  or  field,  magnet  of  soft  iron.  Traces  of  mag- 
netism in  the  latter  induce  alight  currents  in  the  armature,  and, 
by  reaction  between  the  two,  currents  of  great  strength  are  soon 
produced.  These  alternating  currents  may  be  turned  in  one 
direction  by  a  simple  contrivance  called  a  pole-changer,  or  com- 
mutator. The  currents  thus  produced  pass  over  conducting- 
wires  to  he  transformed  as  desired  into  heat,  light,  sound,  nnd 
mechanic  motion.  The  dynamo  is  run  by  steam  or  water-power. 
The  Edison  system  has  the  direct  current;  the  Westinghouse, 
alternating.  Current  controllers  are  made  of  graphite.  Alter- 
nating currents  are  much  more  dangerous  than  continuous  ones 
of  the  same  strength  and  tension.  The  electric  motor  is,  prac- 
tically speaking,  the  same  as  the  dynamo,  in  which  the  action  is 
reversed,  electric  currents  converting  iron  into  electromagnets, 
which  attract,  then  repel,  the  armature,  setting  it  into  rapid 
rotation.  The  movement  of  the  armature  is  easily  transmitted 
to  the  wheels  of  ears  and  machinery.  "Fusible  wires"  of  alloys 
that  melt  at  a  low  temperature  are  often  introduced  into  buildings 
to  prevait  fires  from  excessive  currents  of  electricity. 

Electric  lighting  depends  on  the  resistance  to  the  passage 
of  electricity  through  a  poor  conductor  or  one  of  small  caliber. 
Tbe  incandescent  lamps  are  exhausted  of  air  and  contain  a  fila- 
ment of  carbon  (bamboo  carbonized  at  high  temperatures  in 
closed  nickel  moulds),  which  is  brought  to  a  white  beat  by  a  cur- 
rent of  50  to  120  volts.  About  one-half  amp6re  of  circuit  is 
■<pMied  through  an  ordinary  16-candle  power  incandescent  bulb. 
■kThe  are  light  is  produced  by  the  resistance  of  the  air  to  the 

iDt  (1000-3000  volts),  passing  between  two  adjacent  elec- 
As  most  metals  melt  quickly  in  this  terrific  heat,  the 
nesrly  infusible  gas-carbon  is  employed  for  tlie  electrodes,  the 
sticks  being  kept  at  the  proper  distance,  as  the  4-  pole  wastes 
away,  by  an  automatic  feeding  arrangement.  Electric  arc  light 
is  most  like  sunlight  of  any  artificial  product,  and  is  also  most 
hygienic.  It  is  quite  rich  in  actinic  rays.  Arc  light  gives  10 
per  cent,  luminosity ;  incandescent,  5  per  cent.  The  bow  shape 
of  the  arc  light  is  due  to  the  magnetic  action  of  the  eart:h's  lines 
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of  force  on  the  current.  The  violet  hub  of  the  arc  light  is  due 
to  incandescent  carbon  vapor;  tlie  odor,  to  minute  quantities  of 
hydrocyanic  acid.  A  frequency  of  about  GO  cycles,  or  120 
reversals  per  second,  is  the  best  for  lighting  purposes.  High 
frequencies  cause  a  disagreeable  humming.  In  the  mercury  lamp 
a  constant  electric  current  passes  through  a  vacuum  tube  contain- 
ing vapor  of  mercury.  It  gives  a  brilliant  light  almost  devoid  of 
red  rays,  but  very  rich  in  photographic  frcnjuencies. 

The  Nemst  lamp  contains  a  rod  of  zirconia  acted  on  by  the 
electric  current.  As  there  is  no  surrounding  glass  bulb,  there 
is  no  loss  of  the  chemic  frequencies. 

Electric  heating,  like  electric  lighting,  depends  on  the  resist- 
ance of  poor  conductors.  This  method  is  employed  in  small 
stoves,  dental  vuleanizers,  and  for  heating  cars  and  buildings. 
Electric  furnaces  (in  which  a  core  of  coke  or  a  graphite  crucible 
and  other  fonns  of  carbon  are  employed,  along  with  concave 
pieces  of  lime)  yield  a  very  intense  heat,  which  is  used  for  fusing 
metals  and  for  reduction  ])urposes,  as  in  the  extraction  of 
aluminum.  Welding  of  the  common  metals  is  done  now  very 
extensivelv  bv  electricity. 

The  electric  current  has  many  applications  in  apparatuses 
of  speech  and  sound,  as  exemplified  by  the  telephone,  the  micro- 
phone, the  telegraph,  the  tclautograpli,  and  electric  bells,  clocks, 
and  fire-alarms.  In  each  of  these  we  have  a  combination  of 
electricity  and  magnetism.  In  tlie  telephone,  for  instance,  the 
vibrations  of  the  thin  diapliragm  at  the  bottom  of  the  speaking- 
tube  set  in  motion  by  the  speaker's  voice  react  on  the  bar  magnet 
behind,  and  this,  in  turn,  induces  variable  currents  in  the  sur- 
rounding coil  of  wire.  These  currents  traverse  the  wire  to  the 
connected  instrument  at  a  distance,  where  the  series  of  changes 
is  reversed :  i.c,  the  magnet  is  affecited  by  the  current  in  the  coil 
of  wire,  and  the  inetfillic  disk  of  the  receiver  is  magnetized  and 
drawn  nearer  and  released  accordingly.  For  practical  use  each 
instrument  contains  a  Leelanclie  cell  (ammonium  chlorid),  or  a 
dry  cell,  furnishing  a  constant  current  which  the  action  of  the 
vibrating  disk  on  the  magnet  merely  modifies.  For  long-distance 
conversations,  as  between  different  cities,  powerful  induction- 
coils  are  employed  to  furnish  the  current.  The  improved  trans- 
mitter of  Edison  has  in  place  of  the  ma^rnet  a  button,  held  in 
loose  contact  by  a  spring  with  a  platinum  point  at  the  back  of  the 
diaphragm,  vibrations  of  which,  by  altering  the  contact  between 
the  point  and  the  button,  produce  corresponding  fluctuations  in 
the  current.  Phototelephony  is  base<l  upon  the  sensitiveness  of 
an  arc  light  to  sound,  and  on  the  property  of  selenium  of  varying 
its  electric  resistance  with  the  slightest  variations  of  a  ray  of  light 
falling  upon  it.  A  searchlight  projector  at  the  transmittmg 
end  and  a  selenium  cell  in  a  telephone  circuit  at  the  receiving 
end  are  the  essential  features  in  the  apparatus. 

In  the  telegraph   (Morse,  1837)   pressing  the  key  at  one 
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office  cIoM*  the  circuit.  VVlien  the  finger  is  renioved  a  spring 
pulls  the  key  up.  In  the  receiving  olfico  when  the  circuit  is 
closed  tile  key  here  ia  magnetised  and  drawn  down  upon  the 
sounder;  when  the  circuit  is  broken  it  springs  up  again,  and 
thus  the  succession  of  clicks,  or  dots  and  dashes  as  shown  on 
paper,  is  repeated  hy  the  instruiuent  receiving  the  message. 
The  esrth  itfielt  is  the  best  conductor  of  electricity,  so  that  one 
line  of  wire  ie  made  to  suffice  for  telegraphic  communication, 
the  wire  being  grounded  at  either  terminus.  In  transmitting 
messages  long  distances  the  strength  of  the  current  is  diminished 
po  much  tliat  it  is  unable  to  move  the  sounder  audibly.  This 
difficulty  is  overcome  by  means  of  repeaters  or  relays,  electro- 
magnets wound  with  long,  thin  wire,  used  to  eloee  the  circuit 
of  the  local  battery.  Wireless  telegraphy  (Marconi)  depends 
on  the  Hertzian  waves  of  ether,  or  high -potential  electricity. 
The  apparatus  consists  of  a  vertical  insulated  wire;  a  trans- 
mitter, including  a  Ruhmkorff  coil  and  two  sparking  rods  with  a 
brass  hall ;  and,  last,  a  receiver  cimiposed  of  two  silver  plugs  in 
a  glass  tube,  along  with  a  mixture  of  nickel  and  silver  filings. 
The  resistance  of  the  61ingB  in  the  tube,  or  coherer,  prevents  the 
action  of  the  relay  until  diminished  hy  the  passage  of  Hertzian 
waves,  set  in  motion  hy  ilie  distant  transmitter,  when  the  local 
battiTV  is  closed  and  the  message  taken  by  means  of  the  Morse 
printing  instrument.  In  the  Orling- Armstrong  system  electric 
impulses  are  seat  through  earth  instead  of  air. 

Electric  bells,  clocks-,  and  fire-alarms  act  by  tJie  induction 
of  a  closed  circuit  on  a  soft  magnet,  which,  in  turn,  sets  in  motion 
wheels,  hands,  or  striking-springs. 

The  Bo-callcd  electric  belts,  brushes,  clothing,  etc.,  are  utterly 
useless  and  worthlesa.  Obviously,  even  theoretically,  they  can 
return  to  the  body  only  the  electricity  they  have  derived  from  it 
hy  simple  friction  or  by  a  slight  chemic  action  with  the  acid 
perspiration. 

CEYSTAlLOOaAPHY. 
Most  inorganic  and  many  organic  substances  when  assum- 
ing the  solid  state  from  fusion,  solution,  or  sublimation  tend 
to  take  on  a  symmetric  geometric,  or  crystalline,  form.  The 
liquid  and  gaseous  states  aid  crystallization  by  allowing  the  mole- 
cu!(«  to  arrange  themselves  in  order  around  the  axes  or  lines  of 
growth,  i.e.,  certain  imaginary  lines  in  which  cohesive  force  is 
greatest.  Crystals  by  fusion  are  said  to  be  formed  in  the  dry 
way ;  when  from  solution,  in  the  moist  way.  The  largest  and 
most  perfect  crystals  are  those  produced  by  Nature  in  tlie  gradual 
evaporation  of  aqueous  solutions  of  mineral  salts.  The  process 
of  crystallization  can  be  hastened  by  immersing  in  the  liquid 
strings,  chips,  and  other  foreign  objects  to  serve  as  nuclei 
of  growth.  Rock-candy  and  milk-sugar  are  prepared  in  this 
manner. 
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Ezperlment. — Make  a  saturated  solution  of  alum,  in  boiling  water, 
and  Iiang  in  it  a  piece  of  twine.  When  the  liquid  has  cooled  the  excess 
of  substance  above  its  solvent  power  at  the  lower  temperature  will  be 
found  as  crystals  on  the  cord.  Tlie  formation  of  the  beautiful  frost 
patterns  on  the  windows  in  winter  is  another  illustration  of  the  same 
facts. 

The  forms  of  crystalline  matter  are  quite  numerous, 
yet  they  can  be  classified  in  six  simple  systems,  namely: 
tlie  monometric,  dimetric,  trimetric,  monoclinic,  triclinic,  and 
hexagonal. 

The  monometric  (regular,  isometric)  system  has  three  axes 
which  are  equal  in  length  and  at  right  angles  to  each  other.  The 
primary  type  of  this  system  is  the  cube,  exemplified  by  iron 
pyrites.  The  regular  octahedron  (magnetite,  diamond)  and 
regular  pyramid,  or  tetrahedron  (fluorspar,  tetrahedrite)  are 
derived  from  the  cube  by  truncation  of  its  solid  angles. 

The  dimetric,  or  tetragonal,  system  has  also  three  axes  at 
right  angles  to  each  other,  but  one  of  them  is  shorter  than  the 
other  two.  The  two  types  of  tliis  system  are  the  square  pyramid, 
or  acute  octahedron  (octahedrite),  and  the  square  prism  or 
column  (wemerite). 

In  the  trimetric,  or  orthorhombic,  system  the  three  axes 
are  perpendicular  to  each  other,  but  are  all  of  unequal  length. 
The  varieties  are  the  rhombic  and  rectangular  prisms  and  pyra- 
mids. Examples  of  substances  belonging  to  this  system  are 
sulphur  (rhombic  octahedron),  topaz  (right  rhombic  prism),  and 
andalusite  (right  rectangular  prism). 

The  monoclinic,  or  oblique,  system  has  three  unequal  axes, 
like  the  trimetric  system,  from  which  it  differs  by  the  vertic 
axis  being  set  obliquely  to  the  other  two,  instead  of  perpen- 
dicularly. The  oblique  pyramid  (feldspar)  and  prism  (ortho- 
clase,  rectangular;  titanite,  rhombic)  are  the  subdivisions. 

The  triclinic,  or  doubly  oblique,  system  has  three  axes  no 
two  of  which  are  at  right  angles  to  each  other.  The  doubly 
oblique  pyramid  (copper  sulphate),  doubly  oblique  prism  (chal- 
canthite),  and  doubly  oblique  octahedron  (axinite)  illustrate 
tliis  system. 

The  hexagonal,  or  rhombohedral,  system  has  four  axes, 
three  of  which  are  in  the  same  plane  at  angles  of  60°  with  each 
other;  the  fourth  is  perpendicular  to  the  other  three.  The 
hexagonal  prism  (apatite)  is  the  primary  form.  From  it  the 
hexagonal  pyramid  (quartz)  is  obtained  by  truncation  of  the 
angles  of  one  end;  the  rhombohedron,  or  scalenohedron  (cal- 
cite),  by  truncation  of  the  alternate  angles  of  either  end. 

When  two  substances  crystallize  in  the  same  form  they  are 
said  to  be  isomorphous.  Potassium  iodid  and  sodium  chlorid, 
for  instance,  both  crystallize  as  cubes.  Isomorphous  compounds 
frequently  contain  the  same  number  of  atoms. 

Two  isomorphic  substances  in  the  same  solution  crystallize 
together,  the  cr)'stals  formed  containing  particles  of  both  com- 
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pounds.  ThuB  ordinary  alum  in  solution  with  elirome  alum  gives 
beautiful  colored  octaliedra.  A  substance  whicli  crystallizes  in 
two  or  more  systems- is  termed  dimorphous  or  polymorphous. 
Sulphur  is  dimorphous  (rhombic  octaliedron  and  moaocUnic 
prisms).  Non-crj'stalHne  substances  are  called  amorphous:  that 
is,  without  definite  form.  An  allotropic  element  is  one  that 
exists  in  two  or  more  cryBtalline  or  amorphous  states,  each  with 
different  physic  properties.  Carbon,  for  example,  is  met  with  as 
charcoal,  plumbago,  and  diamond, 

A  characteristic  of  many  crystalline  rocks  is  that  of  cleav- 
age, which  means  the  property  of  splitting  readily  in  one  direc- 
tion into  natural  layers.     Mica  furnishes  a  good  example  of  thi^ 
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CrystalllMtioa. 


peculiarity.     Crystals  transmit  heatj  light  and  electricity  differ- 
ently in  different  directions. 

The  greater  number  of  crystalline  auhstancea  (crystallo- 
hydrates)  are  combined  chemically  with  water,  termed  the  water 
of  crystallization ;  and  to  this  the  various  colors  of  most  crystals 
are  due.  The  combination  may  be  molecule  for  molecule,— that 
U,  one  of  water  to  one  of  the  solid  substance;  oftoner,  however, 
the  water  molecules  much  exceed  in  number  those  of  the  mineral 
matter.  Alum,  for  example,  has  2i  molecules  of  water  to  1  of 
,lhe  aalt  proper.  A  few  compounds,  as  silver  nitrate,  crystallize 
^^■HttUut  any  water  in  their  composition;  hence  are  called 
^^■MBrous.  Some  substances  take  up  more  or  fewer  molecules 
^^PPHrtcr  of  crystal  I  illation  according  as  the  process  is  conducted 
^^fifci#1inrer  or  higher  temperature;  the  resulting  crystals  in  such 
I  an  event  often  differ  from  each  other  in  size  and  shape.  Sodium 
carbonate  crystallizes  at  ordinary  temperatures  with  10  mole- 
I        cules  of  water  in  oblique  rhombic  prisms;    at  higher  tempera- 
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lures  with  8  or  5  of  water;  from  boiling  solutions  as  rectangular 
plates  with  1  of  water.  Crystals  of  cobalt  cblorid  dissolved  in 
absolute  alcohol  p:ivc  a  blue  solution  (1  1120) ;  in  water,  a  red 
solution  (G  UoO).  The  chcniic  union  between  the  water  of 
crystallization  and  the  retnaindcr  of  the  crystal  is  a  very  weak 
one,  and  is  broken  up  in  most  instances  by  heating  the  crystals 
to  the  b.p.  of  water. 

Experiment. — ileat  a  crystal  of  copper  sulphate  carefully  in  a 
porcelain  disli,  and  note  the  disappearance  of  color  along  with  the  water 
of  crystallization.  Continue  the  heating  until  a  dry  white  powder  is 
left  and  allow  to  cool.  Tlien  place  the  powder  in  the  palm  and  add  a 
little  cold  water.  The  blue  color  is  restored,  and  considerable  heat  is 
produced  (chemic  action).  Copper  sulphate  loses  %  of  its  water  at 
100**;    the  remainder  at  240**. 

Anhydrous  salts  capable  of  combining  with  water  absorb 
aqueous  vapor  from  the  air  (deliquescence),  since  the  tension  of 
aqueous  vapor  in  crystallohydratcs  is  less  than  in  water  itself, 
thus  acting  like  a  cold  body  on  steam.  Dehydrating  substances 
remove  admixed  water  (including  water  of  crystallization)  from 
other  bodies.  Dehydrolyzing  agents  (zinc  chlorid,  sulphuric 
acid)  remove  hydrogen  and  oxygen  in  the  proportion  to  form 
water,  which  they  tlien  take  up.  Heat  often  has  a  dehydrolyzing 
as  well  as  a  dehydrating  action. 

Some  crystalline  drugs  (sodium  compounds)  lose  their 
water  of  crystallization  gradually  on  simple  exposure  to  dry 
air.     These  bodies  are  designated  as  efflorescent. 

On  the  difference  in  solubility,  and  hence  the  temperature 
at  which  crystalline  solidiiication  takes  place,  depends  the  separa- 
tion of  substances  by  fractional  crystallization,  the  least  soluble 
substance  crystallizing  first  out  of  the  cooling  or  concentrating 
solution.  In  this  way  common  salt  is  prepared  from  sea-water, 
the  more  soluble  salts  remaining  in  solution  in  the  mother  liquor, 
or  bittern.  The  order  of  deposition  of  salts  from  a  mixed  solu- 
tion depends  not  only  on  their  relative  solubility,  but  on  the  con- 
centration of  each  salt. 

Another  use  of  crystallization  is  in  purifying  medicines,  as 
foreign  matters  are  dissociated  to  a  large  degree  during  the 
formation  of  crystals.  Hence,  ice  is  purer  than  the  water  from 
which  it  was  formed.  In  chemic  microscopy  the  ability  to  rec- 
ognize the  crystalline  forms  characteristic  of  various  compounds 
is  of  the  greatest  practical  importmce. 


OSUOSIS  AND  DIAITSIS. 

Osmosis  signifies  the  stream  of  water  molecules  passing 
through  a  memljrane;  dialysis,  the  passage  of  the  molecules  of  a 
dissolved  substance.  When  pure  water  and  an  aqueous  solution 
of  a  salt  are  separated  by  a  semipermeable  membrane  (one  which 
allows  water,  but  not  the  salt,  to  pass,  such  as  finely-divided 
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potassium  ferrocyanid  deposited  in  fine-grajned  porcelain),  the 
oarnotic  pressure  is  greater  toward  the  side  of  the  salt  solution, 
the  dieaolved  molecules  of  the  salt  seeming  in  a  manner  to  screen 
the  membrane  from  cnntftct  with  a  certain  numher  of  water 
motecuies.  The  osmotic  pressure  varies  directly  with  the  con- 
centration of  the  Bolutioo  (molecules  or  ions),  and  the  highest 
hydrostatic  pressure  thus  exerted  has  been  proved  equal  to  that 
caused  by  as  many  molecules  of  gas  as  in  that  of  the  crystalloid 
in  solution,  if  confined  in  the  same  space  at  the  same  tempera- 
ture. Solutions  of  substances  containing  the  same  number  of 
particles  (molecules  and  ions),  in  a  given  volume  exert  the  same 
osmotic  pressure,  and  are  said  to  be  isohydric.  With  a  given 
solution  the  osmotic  pressure  is  proportional  to  the  absolute 
temperature.  The  pressure  decreases  and  the  movement  of 
liquid  becomes  slower  as  the  process  goes  on.  In  filtration  the 
concentration  of  the  filtrate  is  in  direct  proportion  to  the  pres- 
sure in  crj"Stalioid  solutions — inverse  proportion  with  colloid 
solutions. 

All  the  body  cells  are  permeable  to  water,  but  each  kind 
differs  from  others  regarding  the  permeation  of  solids,  which,  if 
they  cannot  penetrate  the  cell,  exert  osmotic  pressure  on  it,  and 
Buch  changes  continually  taking  place  cause  cellular  equilibrium 
to  vary  constantly.  If  a  membrane  contains  fatty  particles 
(lipoids)  the  surface  tension  of  the  osmosing  fluid  is  mudi 
diminished,  and  the  speed  of  osmosis  increased.  Medicinal  sub- 
etancee  which  osmose  (are  absorbed)  rapidly  are  soluble  in 
lipoids  and  diminish  surface  tension.  The  osmotic  pressure  of 
the  blood  reaches  its  maximum  shortly  after  the  midday  meal. 
The  clay  pastes,  frequently  applied  to  the  skin,  do  not  exert  as 
maeh  osmotic  pressure  as  does  a  simple  cotton  jacket.  Bacteria 
show  positive  chemotaxis  in  sufficiently  dilute  saline  solutions, 
but  are  repelled  (negative  chemotaxis)  by  strong  solutions. 

Osmosis  is  essentially  a  manifestation  of  capillary  or  surface 
attraction.  The  tonoplast,  or  elastic  membrane,  lining  plant 
cells,  is  a  semipermeable  membrane,  allowing  water,  but  not  its 
contents,  to  pass.  Only  by  maintaining  the  normal  tension  or 
torpor  in  its  cells  can  the  plant  thrive  and  grow.  The  juices  of 
rootlets  in  a  saturated  soil  draw  water  out  of  the  soil ;  if  unsat- 
urated, the  soil  draws  water  from  the  plant.  Probably  the  most 
important  factor  in  plant  production  is  the  capacity  of  a  soil 
to  deliver  water;  hence  the  value  of  cultivation  and  irrigation. 

The  functions  of  the  red  blood^ceils,  and  indeed  of  all  the 
body  tissues,  are  vitally  modified  by  osmotic  pressure.  Loeb  has 
shown  that  the  act  of  fertilii'JitioQ  in  some  lower  annuals  can  be, 
in  part,  replaced  by  a  definite  increase  in  osmotic  pressure  in  the 
liquid  containing  the  eggs  (parthenogenesis). 

Most  inorganic  substances  when  in  solution  break  up,  or 
dissocinte  (Arrhenius),  into  two  or  more  parts  (charged  with 
opposite  electricity)  known  as  ions  (freely  moving  electrons  of 
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different  voltages)^  and  the  greater  the  dilution^  the  more  com- 
plete the  diEsociation  (quite  complete  at  about  Kooo  normal). 
Such  substances  are  called  electrolytes.  Thus^  sodium  chlorid 
dissolved  in  water  dissociates  more  or  less  into  the  positively 
charged  cation  sodium  and  the  negatively  charged  anion  chlorin. 
Sugar,  on  the  other  hand,  though  soluble  and  crystalloid,  is  a 
non-electrol}i;e.  Normal  cane-sugar  solution  on  one  side  of  a 
semipermeable  membrane  will  raise  water  30  feet  in  a  capillary 
tube.  The  electric  conductivity  of  solutions  is  a  measure  of  the 
degree  of  dissociation.  The  faster  an  ion  moves,  the  more 
powerful  it  is;  the  heavier  and  slower,  the  less  powerful.  The 
toxic  effects  of  ions  vary  inversely  as  their  solution  tensions. 

Ions  can  pass  through  membrane  only  when  accompanied  or 
exchanging  sides  with  ions  of  an  opposite  sign.  Certain  animal 
membranes  are  permeable  in  but  one  direction.  Thus  an  egg 
membrane  allows  water  to  pass  inward  but  not  outward,  and 
the  stomach  wall  appears  to  be  permeable  for  water  only  from 
the  outside  into  the  stomach.  In  osmotic  pressure  ions  are  of 
equal  value  to  molecules ;  hence,  the  smaller  the  molecule  and  the 
more  the  dissociation,  the  greater  the  pressure.  Water,  grain 
alcohol  and  acetone  ionize  most  electrolytes;  glycerin  and  acetic 
acid  are  indifferent;  chloroform,  ether  and  benzin  ionize  little, 
if  any,  the  substances  they  dissolve. 

The  osmotic  pressure  of  non-electrolytes  in  solution  is  readily 
calculated  by  comparing  gram-molecular  solutions  (containing 
the  molecular  weight  of  the  substance  in  grams  per  liter)  with  the 
pressure  required  to  compress  the  gram-molecule  of  hydrogen  (2) 
to  a  liter.  Thus,  a  gram-molecular  solution  of  cane-sugar  con- 
tains 342  gm.  per  liter,  and  it  contains  as  many  molecules  as  2 
gm.  of  hydrogen.  Now,  1  gm.  of  hydrogen  at  the  pressure  of  1 
atmosphere  (7G0  mm.  of  mercury)  occupies  a  volume  of  11.16 
liters;  hence  2  gm.  occupy  twice  this  volume,  or  22.32  liters. 
To  compress  the  latter  volume  to  a  liter  requires  a  pressure  of 
22.32  atmospheres.  A  gram-molecular  solution  of  cane-sugar 
(or  any  other  non-electrol^-te)  would  therefore  exert  an  osmotic 
pressure  of  22.32  atmospheres;  and  equimolecular  solutions  of 
all  substances  are  isosmotic.  Gram-molecule  is  often  abbreviated 
to  mol  or  mole.  Equimolecular  solutions  have  the  same  f.p. 
The  b.p.  of  water  is  raised  0.52°  by  every  gram-molecule  dis- 
solved in  a  liter.  Albumin  has  a  molecular  weight  of  about 
13,000,  a  molar  concentration  (moles  per  liter)  of  0.008,  an 
osmotic  pressure  of  only  0.17  atmosphere. 

The  relation  of  ])ressure  (P)  in  atmospheres  to  concentra- 
tion (C),  or  nunibfT  of  gram-molecules  per  liter  of  solution,  and 
absolute  temperature  (T),  can  be  expressed  as  P  =  0.86  CT. 
Depression  of  tlie  freezing  point  by  1°  C.  indicates  an  osmotic 
pressure  of  9I3T  nnii.  of  mercury,  and  a  solution  which  exhibits 
an  osmotic  ])ressure  of  one  atmosphere  at  0°  freezes  at  —  0.084**. 

In  the  case  of  electrolytes  a  very  convenient  method  of 
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determining  osmotic  pressure  is  by  means  of  the  f.p.  As  already 
stated,  this  is  lowered  by  the  presence  of  salts  in  solution,  and  the 
lowering  hae  been  proved  to  he  proportional  to  the  number  of 
molecules  and  ions  in  a  given  volume:  a  fact  which  holds  good 
as  well  with  osmotic  pressure.  The  amount  of  depression  in 
centigrade  degrees  and  fractions  below  the  f.p,  of  pure  water 
is  aECertained  by  means  of  a  delicate  differential  thermometer, 
and  ia  usually  expressed  by  the  symbol  A  ■  A  gram-raok-cular 
eolntioij  of  any  non-electrolyte  lowers  the  f.p,  1.85"  C ;  hence 
the  osmotic  pressure  of  a  givrai  solution  can  be  expressed  directly 
by  dividing  the  constant  1.85  into  the  A  of  latter.  Thus,  the 
^  of  blood-aerum  is  0.56;  this  divided  by  1,85  gives  0.3;  and 
0.3  ef  S2,38  =  G.Gilfi  atmospheres,  the  equivalent  of  the  osmotic 
pressure  of  blood-scrum. 


FIB.  21-— DIalyier, 

In  case  of  drowning  the  blood  from  the  left  heart  showB  a 
much  smaller  A  than  that  of  the  right.  The  A  of  normal  urine 
is  1.8  to  2.3;  of  cows'  milk,  0.55-0.56.  The  isotonic  coefficient 
(i),  or  van't  HofTs  factor,  is  the  number  (always  greater  than 
unity]  by  which  the  normal  value  of  the  osmotic  pressure  must 
be  multiplied  to  determine  the  actual  osmotic  pressure  of  an 
add,  basic  or  saline  solution.  This  factor  is  obtained  by  dividing 
the  actual  A  of  a  molar  solution  by  1.85, 

From  the  physic  standpoint  an  isotonic  or  isosmotic  solution 
IS  ODE  Iiaving  an  osmotic  pressure  equal  to  that  of  blood-scnmi. 
A  hypertonic  solution  exerts  a  higher,  and  a  hypotonic  solution  a 
lower,  pressure  than  does  serum.  The  term  anisotonic  includes 
hrpo-  and  hyperisotonic. 

If  a  salt  permeates  the  blood-cells,  tlie  A  plays  no  part  con- 
cerning the  effects  of  its  solution  on  the  cells.  Permeating  salts, 
like  urea  or  ammonium  chlorid,  cause  the  cells  to  swell  up  and  lose 
their  hemoglobin,  as  pure  water  would  do.  Alcohols  and  free 
acide  and  alkalies  also  permeate  the  blood -corpuscles ;  sugars  do 
not.     Sodium,  but  not  chlorin,  inns  can  pass  into  the  cells.     Pure 
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water  is  taken  up  more  readily  than  isotonic  salt  solution  from 
the  bowel,  and  physiologic  saline  solution  is  often  made  a  little 
under  isotonic  strength  (0.25  calcium  chloride  0.1  potassium 
chlorid,  9  sodium  chlorid,  sterile  water  q.  s.  ad  1000),  so  that 
when  injected  by  hypodermoclysis  it  will  diffuse  as  freely  ajs 
blood-serum. 

The  great  difference  in  the  rate  of  membranous  diffusion 
of  crystalloids  and  colloids  makes  the  separation  of  one  class 
from  the  other  an  easy  matter.  The  dialyzer,  an  instrument 
for  this  purpose,  consists  of  a  round  glass  vessel  open  at  the 
upper  and  narrower  end,  and  closed  at  the  bottom  with  a  piece 
of  parchment  paper.  The  mixed  solution  is  placed  in  the  dia- 
lyzer, and  the  whole  immersed  to  a  slight  depth  in  distilled  water 
for  12  or  24  hours.  At  the  end  of  this  time  the  crystalloid  sub- 
stance will  be  found,  for  the  most  part,  in  the  water  exterior  to 
the  vessel,  while  the  colloid  material  still  remains  within.  A 
few  amorphous  substances  (peptones)  are  crystalloid. 

The  process  of  dialysis  is  of  greatest  service  in  toxicology, 
in  the  separation  of  crystalloid  poisons  from  food  and  other 
stomach  contents.  It  is  also  used  to  some  extent  in  the  prepa- 
ration of  drugs. 

Experiment. — Place  a  copper  sulpliate  solution  and  some  white  of 
egg  into  a  dialyzer,  and  let  stand  until  the  next  day.  The  blue  color 
of  the  copper  Halt  now  shows  without  as  well  as  within  the  vessel,  but 
the  albumin  has  not  diffused:  the  liquid  within  the  vessel  coagulates 
on  boiling,  while  that  without  does  so  hardly  at  all. 

SOTrND. 

Sound  consists  in  vibrations  of  the  air  or  of  sonorous 
(elastic)  substances  perceptible  to  the  sense  of  hearing.  The 
science  of  sounds  is  known  as  acoustics. 

Experiment. — Fit  a  large  test-tube  with  a  tight  cork  fitted  with  a 
short,  pointed  glass  tube.  Place  a  few  granules  of  zinc  in  the  bottom 
of  the  test  tube,  and  cover  them  with  an  inch  or  two  of  dilute  sulpburio 
acid.  The  gas  hydrogen  is  evolved.  After  a  few  minutes,  when  all  the 
contained  air  has  escaped,  light  the  gas,  and  hold  the  flame  in  the  mouth 
of  a  glass  cylinder  about  an  inch  wide.  On  adjusting  the  flame  to  the 
right  ()oint  in  the  tube,  a  loud  tone  is  produced  by  the  vibrations  of 
heated  air  in  the  cylinder.  Sounds  can  also  be  produced  by  an  inter- 
mittent beam  of  simlight  playing  on  colored  worsted  or  lampblack  in 
a  glass  tube. 

Experiment. — Place  a  watch  on  cotton-wool,  under  the  air  pump 
and  create  a  vacuum.  The  ticking  becomes  fainter,  and  is  Anally 
imperceptible. 

Sound  is  transmitted  by  spheric  waves  or  undulations,  at 
the  rate  in  air  of  about  %  mile  per  second  (1125  feet  at  60** 
F.)  ;  in  water  4  times  as  fast;  in  iron  Id  times  as  fast.  In 
gases  the  velocity  of  sound  varies  as  the  square  root  of  elas- 
ticity and  inversely  as  the  square  root  of  density.  Water  is  much 
more  elastic  than  air. 
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A  wave-length  is  the  distance  between  any  point  on  a  wave 
and  a  similar  point  on  the  wtive  before  or  behind  it.  The  am- 
plittide  of  vibration  is  the  greatest  distance  traversed  by  a  particle 
in  either  direction  from  a  median  position;  that  is,  a  wave- 
height.  Musical  notes  are  produced  by  repeated,  rapid,  regular 
vibrations;  noise  by  a  single  short  sound  or  a  confused  and 
irregular  mixture  of  sounds.  Friction  ia  always  rhythmic,  as 
shown  in  the  singing  sound  of  the  speeding  rifle  ball,  and  the 
"waterfall  tones"  of  the  wind  in  the  tree  tops. 

Loudness,  or  intensity,  varies  inversely  as  the  .=qiinre  of  the 
distance  and  directly  with  the  square  of  the  amplitude  of  the 
vibrationa;  also  with  the  density  of  the  medium  and  atmospheric 
motion.  It  is  increased  by  reflection  from  a  neighboring  sonorous 
body,  such  as  a  sounding-board,  or  from  the  walls  of  a  room 
(resonance),  and  is  maintained  for  long  distances  in  straight, 
cylindric  tubes  {speaking  tubes).  Echoes  are  the  result  of 
reflection  forming  return' waves.  In  sound,  as  in  other  forces, 
the  angle  of  reflection  equals  the  angle  of  incidence.  Sound  is 
also  refracted,  by  passing  through  media  of  differing  densities. 
The  distance  of  an  echoing  surface  can  be  estimated  by  multiply- 
ing the  number  of  seconds  before  the  echo  is  heard  by  550  feet. 

Pitch  depends  upon  the  number  of  vibrations  per  second. 
The  limit  of  perceptible  sounds  is  from  16  per  second  for  deep 
sounds,  to  (50,000  per  second  for  high  sounds.  The  human 
voice  ranges  from  100  to  1000  vibrations  per  second.  The  range 
of  sounds  used  in  music  extends  from  40  to  4000  vibrations  per 
second.  Vibration -frequency  in  pipes  varies  inversely  as  the 
length  ;  open  pipes  are  twice  as  long  as  closed  pipes  of  the  same 
pitch-  The  vibration-frequency  of  strings  of  the  sauje  material 
varies  inversely  as  the  length  and  the  square  root  of  the  weights, 
and  directly  as  the  square  root  of  the  tension.  The  siren  is  an 
instrument  for  the  determination  of  vibration-frequency. 

Middle  C  lias  95C  or  264  vibrations  per  second.  Each 
octave  contains  double  the  number  of  vibrations  of  the  one  just 
beJow  it,  and  one-half  of  that  above.  If  the  ratio  of  intervals 
of  three  notes  is  4 :5 :6  they  fonn  a  harmonic  triad.  If  to  these 
three  a  fourth  note,  the  octaveof  the  first  one,  is  added,  we  have 
a  major  ebon!.  In  a  minor  chord  the  ratio  is  10:12:15,  with 
the  octave  of  the  first  Dotc  Quality,  or  timbre,  varies  with  the 
nature  of  soimd-producing  bodies,  and  depends  on  the  form  of 
vibrations  due  to  the  combination  with  fundamental  tones  of 
harmonics  or  overtones:  i.c..  the  sounds  produced  by  the  vibra- 
tion of  an  instninicnt  in  parte. 

The  musical  scale  is  made  up  of  gamuts  or  scries  of  notes 
connecting  octaves.  Tbi'se  notes  are  represented  by  the  letters 
C,  D,  E,  F,  0,  A,  and  B.  If  the  vibrations  of  C  be  represented 
bj  1,  thoee  of  D  are  %;  of  E,  %;  of  F,  %;  O,  %;  A,  %; 
B,  *%;  and  the  octave  C,  2.  The  larger  intervals  {%  and 
*%)  between  these  notes,  obtained  by  dividing  the  larger  frac- 
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tions  by  the  smaller,  are  termed  tones;  the  smaller  interval 
(^%5)>  semitones. 

Interference  of  sounds  may  intensify  or  nullify  motion, 
according  as  the  hollow  of  one  wave  fits  in  the  hollow  or  the 
crest  of  another;  just  as  we  may  produce  darkness  by  adding 
light  waves  to  others.  The  wavy  sounds  produced  by  inter- 
ference are  called  beats;  the  number  per  second  from  two  simple 
notes  equals  the  difference  of  their  vibration  numbers.  Inter- 
ference in  cords  commonly  results  in  vibrations  in  loops  or 
segments:  the  points  of  least  vibration  are  called  nodes;  the 
points  of  greatest  motion,  antinodes.  Sympathetic  vibrations 
are  those  produced  in  a  body  by  the  vibrations  of  another  body 
near  by.  They  are  termed  forced  vibrations  when  the  body  acted 
on  was  already  in  vibration,  but  was  made  to  assume  the  vibra- 
tion-period of  the  other. 

The  ear,  or  organ  of  hearing,  is  designed  to  gather  and 
convey  sound-waves  by  vibrations  of  the  tympanum  and  the 
chain  of  bones  in  the  middle  ear,  to  the  vestibule  and  cochlea 
of  the  inner  ear.  The  organ  of  Corti  consists  of  about  3000 
minute  bristles  of  various  lengths,  suspended  in  the  liquid  here ; 
they  "take  up  and  analyze  the  vibrations,  much  as  when  we  sing 
into  a  piano  with  the  damper  down,  only  those  strings  respond 
which  are  in  unison  with  the  sound  produced  by  the  voice." 
These  bristles  are  connected  with  nerve-filaments,  which  trans- 
mit the  sensory  impressions  to  the  auditory  center  of  the  brain. 
The  range  of  the  ear  for  pitch  is  eleven  octaves,  as  contrasted 
with  the  single  octave  which  the  eye  has  for  colors.  With 
advancing  age  the  higher  sounds  become  inaudible. 

The  larynx,  or  voice-box,  is  "a  reed  instrument  situated  at 
the  top  of  the  windpipe,  or  trachea."  The  elastic  vocal  cords 
are  stretched  across  the  orifice-:  laxly  when  breathing,  more 
tight  during  vocal  action.  Tension  is  regulated  by  muscular 
action,  and,  the  tenser  the  cords,  the  higher  the  pitch.  The 
mouth  and  nasal  passages  serve  as  resonators,  and  change  shape 
in  accordance  with  vocalization  and  articulation.  "Chest  notes" 
are  produced  by  vibration  of  vocal  cords  as  a  whole ;  falsetto  notes 
by  vibration  of  the  free  edges.  Two  octaves  is  the  average  extent 
of  scale  of  the  human  voice.  The  wave  length  of  voice  in  women 
during  ordinary^  conversation  is  2  to  4  feet;  in  men,  8  to  12  feet. 
DifForcnt  vowel  sounds  are  due  to  various  admixtures  of  the 
fundamental  tone  and  the  overtones  of  the  voice,  as  produced  by 
altering  the  shape  of  the  lips,  the  position  of  the  tongue  and  the 
size  of  the  oral  cavity. 

Tlie  tuning-fork  is  an  instrument  much  used  in  the  'differ- 
ential diagnosis  of  ear-troubles.  In  testing  bone-conduction  it  is 
placed  with  the  end  of  the  handle  resting  at  a  right  angle  on 
the  mastoid  or  vertex.  Air-conduction  is  normally  superior  to 
bone-conduction,  and  the  fork  held  before  the  meatus  should  be 
heard  twice  as  long  as  on  the  mastoid ;  or  if  the  vibration  ceases 
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to  be  audible  on  the  bone  it  elioii!d  still  be  hoard  at  the  orifice  o( 
the  auditory  canal.  When  the  fork  is  heard  longer  by  bone-con- 
duction, the  caual  or  the  middle  ear  is  affected.  In  labyrinthine 
disease  the  impairment  of  hearing  is  the  aame  for  air-  and  for 
bone-conduction.  The  tuning-fork  can  be  used  similarly  in  the 
diagnosis  of  fractures  of  the  long  bones. 

The  phonograph  consists  essentially  of  a  metal  cylinder 
rotated  by  a  crank  and  coyei-ed  with  wax  composition  and 
threaded  like  a  screw ;  over  the  furrow  is  set  a  vibratory  style  at 
the  bottom  of  the  mouth-piece.  Every  movement  of  the  style 
caused  by  the  voice  is  thus  recorded  by  impressionB  in  the  wax, 
and  if  tlie  cylinder  is  brought  back  to  its  original  position  and 
turned  as  before,  the  style  will  play  up  and  down  over  the 
-  depressions  and  ridges,  and  so  reproduce  the  spoken  words. 

The  audiphone  is  a  fan-shaped  sheet  of  ebonite  or  elastic 
cardboard  held  between  the  teeth  of  persons  partially  deaf,  to 
aid  them  in  hearing. 
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er   perceived   by   amell,  but   not  by 
1  not  by  sight. 
1  |)1i)-sle  and  a,  rhemic  change,  and  men' 


1.  Menfion   a    form   of   i 
one  recopiized  by  feeling, 

2.  DiBtingiiish  between  a 
n  example  of  each. 

3.  Distinguiab  between  volume,  ( 
i.  Name  the  three  ehiet  metrin  ii 

relatione. 

5.  Rend  the  following:     0.025  tn.;    26.305  gm. 
S.  Write  as  one  number.  1  kgm.  and  1  mgm. 

7.  How  many  grnma  in  a  dram!     In  an  oiineeT 

8.  What  is  the  length   in   Engliah   meriHure  of  n   mefert     Of  a 
miilimelert     Of  a  raieromillimeterT 

e.  What  {«  the  rapacity  in  EnglUh  mennure  of  a  liter! 

10.  How  many  milligrnms  in  a  kilogram  T 

11.  Write  a  metric  prescription  for  n  2-oiirce  iniiture,  teaspoonful 
^oat».  using  Ihe  following  drugs  and  doaest     rota=siiim  acetate,  gr.  x; 

■■  jWe  acid,  gr.  xx;    water,  to  fill  the  bottle. 

12.,  What  difference  between  a  Troy,  or  apothecary's,  ounce  and 
Kn  arotrdiipoia  ounreT     Same  as  to  poundT 

13.  Dow  a  pint  of  water  weigh  a  poundl 

14.  Wliat  difference,  if  any.  between  a  minim  and  a  drop! 

15.  How  many  ^ains  of  corrosive  sublimate  to  the  pint  of  water 
in  making  a  1  tfi  1000  solution! 

16.  A  l-per-eent.  oolution  of  cocaio  eorfains  how  many  grains  to 
the  ounce  r 

17.  How  do  high  altitudes  meehanically  help  weak  lungs  t 
I«.  What  n  the  use  of  the  spout  of  n  pitcher! 

1!).   If  a  body  is  of  the  name  sp.  gr.  as  water,  where  Anea  it  ftoatT 

20.  Is   the  sp.  gr.   of   water  at  ordinary   temperature   below   or 

21.  What  effect  does   the  addition   of   wntrr  to  alcohol  have   on 
th«  "p.  ST.  of  Ihe  lattert 

•£2.  A  piece  of  brass  weighs  37.T1  gm.  in  air,  32.21  in  water.    Find 
its  «p.  gr. 

ti.  A  piece  of  metal  weighs  40  gm.  in  alr^  ftnd  diflplacea  &  tritte 


7()  MEDICAL  PHYSICS. 

more  tlian  2  c.c.  of  water.    What  is  the  approximate  sp.  gr.  of  the  body, 
and  of  what  metal  is  it  composed?     (See  table.) 

24.  The  sp.  gr.  of  caustic  potash  is  2.1.  About  what  is  the  sp.  gr. 
of  a  10-pcr-cent.  solution  in  water? 

25.  What  is  the  approximate  strength  of  a  solution  of  dilute  sul- 
phuric acid   (sp.  gr.,  1.40)  ? 

26.  Why  arc  gjises  more  compressible  than  liquids  or  solids? 

27.  What  is  tlie  sp.  gr.  of  a  lump  of  sugar  weighing  20  gm.  in  air 
and  9  gm.  in  oil  of  turpentine   (sp.  gr.,  865)  ? 

28.  Wliy  is  water  stale  after  boiling? 

20.  Why  is  it  ditlicult  to  push  an  inverted  tumbler  directly  down- 
ward into  a  vessel  of  water? 

.'JO.  Why  does  a  string  att^che<l  to  and  capable  of  holding  up  a 
wciglit  break  suddenly  when  jerked?  (Fractures  of  the  patella  and 
other  bijnes  liave  been  caused  bv  muscular  action.) 

31.  Wliy  do  bubbles  appear  on  a  glass  plate  immersed  in  water? 

32.  Why  does  quicksilver  not  wet  the  fingers? 

33.  (Jive  an  example  of  each  of  the  four  kinds  of  elasticity. 

34.  Why  arc  cables  stronger  than  chains  of  the  same  size. 

35.  What  difTerence  in  weighing  with  scales  at  sea-level  and  at 
high  altitudes? 

36.  What  is  the  volume  of  a  liter  of  hydrogen  (at  ordinary 
pressure)   wlien  Hubjected  to  a  pressure  of  100  atmospheres? 

37.  IVelve  liters  of  oxygen  at  standard  temperature  and  pressure 
undergo  wliat  change  in  volume  at  a  t^*mperature  of  60®  C.  and  a 
pressure  one-fourtli  less?     ( 12.000  X  sn.^-,  x  "0%.^.) 

38.  Oxygen  is  16  times  as  dense  as  hydrogen.  What  is  their 
diffusion-ratio? 

30.  Explain  nosebleed  on  ascending  high  mountains. 

40.  Explain  the  weather-changes  of  the  barometer. 

41.  What  is  the  siphonage-force  in  grams  of  a  siphon  2  cm.  in 
caliber,  tli**  long-arm  sine  being  40  cm.,  and  the  sine  of  the  short  arm 
15  cm.? 

42.  TTow  does  charcoal  act  as  a  deodorizer? 

43.  Why  is  it  easier  to  descend  the  stairs  than  to  ascend  them? 

44.  Define  and  give  an  illustration  of  the  principle  of  the  correla- 
tion and  conservation  of  energy. 

45.  Explain  the  relationships  of  heat,  light,  and  electricity. 

46.  Why  do  people  in  warm  countries  wear  light-colored  clothing? 

47.  Why  do  muddy  roads  dr^'  more  quickly  in  windy  weather? 

48.  What  time  of  day.  as  a  rule,  is  the  relative  humidity  of  the 
atmosphere  greatest? 

40.  Why  does  the  wind  often  go  down  with  the  sun? 

50.  Why  is  it  more  often  cloudy  morning  and  evening  than  in  the 
middle  of  the  dav? 

« 

51.  Contrast  the  direction  of  the  air-currents  at  the  top  and  the 
bottom  of  an  outside  door  in  winter  and  summer. 

52.  Why  is  frost  more  likely  to  be  seen  after  a  clear  than  a 
cloudy  night? 

53.  Why  is  mercury  preferred  to  wat<^r  for  thermometers  and 
barometers?  About  how  high  would  the  water-column  stand  in  a  water- 
barometer? 

54.  State  the  normal  temperature  of  the  human  body  (mouth) 
in  F.  and  in  C.  readings. 

55.  Change    — 40°  F.  to  the  centigrade  scale. 

56.  Why  arc  the  rails  on  a  railway  not  joined  together  more 
closely?  Tlie  hciglit  of  EifTel's  tower  (980  feet)  varies  8  inches  during 
the  year. 

57.  The  altitude  of  Denver  is  exactlv  one  mile.  What  is  the 
b.p.    (centigrade)   of  water  in  that  city? 
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6S.  W^icb  baa  the  Ligher  b.p.,  fre^h  water  or  sea-waterT 

S9.  Wbich  warniB  more  quickty,  ic«  or  water  I 

00.  Why  U  damp  rold  murp  cbillinK  than  dry  cold! 

61.  How  dJBtinguiah  bctwppn  a  physic  and  a  chcmic  eolutiooT 

65.  Name  a  «alid  Bubatancr  which  aids  in  tie  solution  of  another. 
63.  Why  is  eterilizatioD  ol  surgical  supplies  more  effective  with 

steam  heat  than  with  dry  beati 

M.  If  we  mix  a  poimd  of  water  at  S0°  with  another  pound  at  0°, 
what  is  the  temperature  of  the  mixture!  Suppose,  iu  the  second  case, 
we  use  a  pound  of  snow  or  ice,  what  thent 

05.  How  many  pounds  of  water  would  a  pound  of  steam  (at  100°) 
raise  from  the  f.p.  to  the  b.p.T 

66.  Which  would  be  more  affected  by  sudden  thermal  changes, 
a  rough ly-Bni shed  or  a  highly- polished  dental  flUingT 

87.  What  causes  boras  and  many  other  aalts  to  swell  upon 
heating! 

65.  What  is  the  temperature  of  water  at  the  bottom  of  a  pond 

66.  Where  is  the  wnnncat  air  in  a  room,  and  whyT 

TO.  Is  thn  lient  of  the  body  mostly  mechanic  or  uhemic  in  origin! 

71.  Why  arc  the  nights  romps  rati  vely  cooler  in  dry,  high  elimateaj 

72.  Why  do  thick  gloHS  vegsela  break   when   suddenly  heated  or 

73.  Why  not  use  alcohol  for  cleansing  varnished  surfaces! 

74.  Distini^ish  between  deliquescence  and  efHorescence. 

75.  Explain  steam -beating. 

76.  What  liquid  boils  at  about  temperature  of  the  body! 

77.  Why  does  early  froet  appear  on  3ome  ohjrT^ts  and  not  on 
other* T 

78.  What  causes  "sweating"  of  ice-wnter  piteherst 

79.  Explain  principle  of  glass  hotbeds. 

80.  How  does  vin^ar-  or  alcohol-  sponging  cool  our  bodies' 

81.  Why  is  our  breath  yinible  in  winter! 

82.  Why  is  it  nearly  always  cooler  when  the  wind  blows! 

83.  How  is  the  straight  rising  of  smoke  n  sign  of  fair  weather! 

84.  Is  more  heat  used  up  in  melting  ice  or  in  boiling  wat^r! 

85.  Name  Ihe  three  manifestations  of  radiant  energy, 
R6.  WUy  cannot  one  see  around  a  comer! 

87.  Explain,  with  diagrams,  how  a  too  short  anlero-posterior 
diamftrr  of  the  eyes  causes  far-sight,  and  a  too  long  diameter  near- 
sight.  I  Rays  of  light  are  refracted  by  the  crystalline  lens,  crossing. each 
other  a  little  behind  the  lens,  so  that  the  retinal  image  is  an  inverted 

88.  How  does  polarised  light  difTer  from  ordinary  light! 
80.  What  is  the  wavy  motion  seen  around  stoves  in  winter! 
•0,  Why  does  a  street  appear  to  grow  narrower  farther  away! 
HI,  Why  does  the  rising  sun  or  moon  look  larger! 

02.  Name  and  explain  the  three  kinds  of  spectra. 

B3,  Wliy  do  electric  cars  run  better  in  fair  than  in  stormy 
wrathrr  t 

94.  Name  and  define  the  three  chief  unltti  of  current  electricity. 

B5.  Compare  the  electric  resistance  of  the  skin  with  that  of  the 
Atlantic  cables. 

Oft.  Wliich  Hcctrode  has  a  drying  action,  and  which  a  softening 
effect,  and  why! 

07.  What  causes  the  compass  to  point  north  and  south! 

B8.  Mention  the  chief  dilTerencea  between  the  galvanic  and  the 
famdic  current. 

09.  Wliy  doe«  the.faradle  hand-cathode  feel  stronger  than  the 
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100.  Why  does  acidulated  water  break  up  more  easily  by  electrol- 
ysis than  pure  water  does? 

101.  Distinguish  between  osmosis  and  dialysis. 

102.  Why  do  sodium  chlorid  solutions  exert  a  greater  osmotic 
pressure  than  an  equivalent  strength  of  a  sugar  solution? 

103.  What  are  isotonic,  hypertonic,  and  hypotonic  solutions? 

104.  Name  the  six  systems  of  crystals,  and  mention  an  example 
under  each. 

105.  To  what  is  the  color  of  most  crystals  due? 

lOG.  Why  are  sounds  less  intense  on  a  mountain  than  in  a  valley? 

107.  How  does  a  common  cold  change  the  voice? 

108.  If  a  flash  of  lightning  is  followed  in  five  seconds  by  the 
thunder,  what  is  the  distance? 

109.  Wliat  are  the  three  principal  properties  of  sound,  and  on  what 
do  they  depend? 

ilO.  How  does  stoppage  of  the  Eustachian  tube  cause  partial 
temporary  deafness? 

111.  How  distinguish  between  deafness  due  to  external-,  to  mid- 
dle-, and  to  internal-  ear  disease? 

112.  Why  are  distant  noises  heard  better  at  night,  and  also  often 
before  a  storm? 

113.  How  do  car-trumpets,  stethoscopes,  and  megaphones  aid 
hearing? 

114.  How  many  degrees  will  the  air  of  a  room  containing  1000 
cubic  feet  be  raised  by  passing  in  a  kilogram  of  live  steam? 

115.  Explain  how,  when  the  front  of  the  eye  has  a  greater  curve 
in  one  meridian  than  in  others,  vertical  and  horizontal  crosslines  are 
seen  with  unequal  distinctness.     (Astigmatism.) 

116.  Given  cquimolccular  solutions  of  common  salt  and  sugar, 
which  has  the  lower  f.p.  ? 

117.  W^hy  do  dwellers  in  the  tropics  wear  white  clothing,  and  red 
and  yellow  underneath? 

118.  Why  is  electric  lighting  more  healthful  than  illuminating 
gas? 

119.  Wliy  cannot  one  see  well  in  going  from  a  dark  place  into  a 
bright  one,  or  vice  versa? 

120.  Wliy  does  a  rapidly-revolving  wheel  look  like  a  solid  disk? 
(Any  image  formed  on  the  retina  and  conveyed  to  the  brain  lasts  about 
Yf^  second.) 

121.  Why  does  the  filament  of  the  incandescent  lamp  appear  much 
wider  when  aglow  than  when  cold? 

122.  Why  does  a  red  cloth  appear  brighter  than  one  of  any  other 
color? 

123.  Which  will  keep  warm  longer,  a  bag  of  hot  water,  or  a  sack 
of  salt  of  the  same  weight,  heated  to  the  same  temperature  as  the 
water  ? 

124.  Why  does  blue  look  greenish  by  lamplight? 

125.  Wliy  can  one  tell  an  acquaintance  by  his  voice? 

126.  WTiv  does  the  anode  stick  to  mucous  membrane,  while  the 
cathode  passes  more  readily,  after  using  the  constant  current? 

127.  Why  does  the  anode  corrode  and  waste  away  when  used  on 
mucous  membranes  as  the  active  electrode? 

128.  How  does  taking  salt  aid  in  checking  hemorrhages? 

129.  W^at  effect  on  the  blood -corpuscles  has  the  injection  of  dis- 
tilled water  into  the  blood? 

130.  A  mole  of  sodium  chlorid  dissolved  in  a  liter  of  water  has 
a  ,'    of  3.35.     What  is  the  isotonic  coefficient? 

131.  Does  the  isotonic  coefficient  increase  or  diminish  with  dilution 
of  a  salt  solution? 

132.  Which  pole  of  the  arc  light  wastes  more  rapidly? 
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133.  In  the  arc  light,  which  pole  of  carbon  takes  on  a  crater  form, 
which  becomes  conical,  and  why? 

134.  A  16-candle  power  £dison  lamp  requires  0.6  ampere,  or  102 
volts;    what  is  the  resistance? 

135.  Explain  the  physics  of  freckles. 

136.  How  many  ergs  are  required  to  lift  1  gm.  through  1  cm  ? 

137.  Is  paper  a  good  or  poor  conductor  of  heat  and  cold? 

138.  What  relation  in  C.  and  F.  degrees  does  the  lowering  of  b.p. 
with  altitude  bear  to  the  reading  of  the  barometer  in  inches? 

139.  How  may  a   wind   be   rendered  warmer   by   coming  over  a 
mountain  into  a  valley? 

140.  What  causes  ebullition  on  boiling  a  liquid,  and  how  may  it  be 
prevented  ? 

141.  How  could  you  light  a  fire  with  a  piece  of  ice? 

142.  Mention  a  test  of  death  by  the  use  of  light. 

143.  Why  are  colors  usually  more  fast  in  wool  than  in  cotton? 


CHEMIC  PHILOSOPHY. 


ELEHENTS. 


An  element  is  a  substance  composed  of  only  one  kind  of 
matter.  Iron,  gold,  hydrogen,  and  oxygen  are  elements.  Chemic 
compoimds  are  made  up  of  more  than  one  kind  of  matter. 
Water  is  a  compound  substance,  since  it  can  be  deccmipoeed  by 
electrolysis  into  hydrogen  and  oxygen.  A  definite  compound 
always  contains  the  same  elements  in  the  same  proportion. 

The  properties  of  different  substances  depend  upon  their 
elements  and  the  ways  in  which  these  elements  are  combined. 
There  are  about  80  elements  known  at  the  present  time^  12  of 
which  at  ordinary  temperatures  are  gases,  2  liquids,  and  the 
remainder  solids.  By  far  the  greater  number  are  metala;  the 
non-metallic  elements  are  often  termed  metalloids.  The  names 
of  the  elements  are  generally  Latin  (metals  end  in  um;  non- 
metals,  in  or  on),  and  indicate  some  peculiar  or  fancied  property. 
Some  of  the  well-known  eloinonts  have  both  an  English  and  a 
Latin  name ;  the  majority  of  these  were  known  to  the  ancients. 

According  to  recent  views,  chemic  elements  are  merely 
"residues  left  after  ages  of  disintegration,''  similar  to  that  which 
radium  and  other  transition  forms  are  now  undergoing.  The 
intermediate  substances  produced  by  decomposition  of  dements 
are  termed  metabolons,  and  constitute,  says  Soddy,  "the  tem- 
porary halting  places  through  which  matter  is  passing  in  a 
scheme  of  slow,  continuous  evolution  from  the  heavier  to  the 
lighter  forms."  Originally,  what  we  now  know  as  the  elements 
may  have  been  condensed  from  the  hypothetic  protyle  (Crookes) 
by  a  different  orbital  arrangement  of  the  primordial  electrons. 

"The  alchemists  assumed  that  Nature  must  be  simple. 
Chemists  have  proved  that  Nature  is  infinitely  complex;  but 
amid  this  vast  complexity  they  have  detected,  they  are  detecting, 
certain  broad  lines  of  unity." 

The  symbol,  or  sign,  of  an  element  is  made  up  of  the  initial 
and  sometimes  another  distinctive  letter  from  the  Latin  name: 
e.g.,  C  for  carbon,  Ca  for  calcium,  CI  for  chlorin,  Cu  for  copper 
(Latin,  cuprum) ^  etc. 
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Tablb  of  Elements. 


Namb. 

• 

Symbol. 

Yalchcx. 

▲tohic 
Wkioht. 

USCIL 

Polarity. 

Alnmimim .  .  ,  ,  .  ^  ^ 

Al 

Sb 

A 

As 

Ba 

Be 

Bi 

B 

Br 

Cd 

Ca 

C 

Ce 

Cs 

a 

Cr 

Co 

Cb 

Cu 

Cm 

Er 

F 
Gd 
Ga 
Ge 

Au 
He 

H 

In 

I 

Ir 
Fe 

Kr 
Ta 
Pb 
Li 

Mg 
Mu 
Ms 
Hg 

Mo 
Nd 

Ill 

III,  V 

O 
III,  V 

II 

II 

III 

III 

I,  III,  V,  VII 

11 
11 

II,  IV 
III,  IV 

I 

I,   III,  V,  VII 
II,    III,  VI 

11,  III 

V 

I,  II 

III 

I 

III 

III 

II,  IV 

I,  III 
o 

I 
II  (In,--  vi) 

l,1ll,   V,  VII 
11,  IV,  VI 

II,  III 

o 
III 

II,   IV 

I 

II 

II,  ill,   IV 

1, 11 

II,   IV,   VI 

III,  IV 

26.9 
119.6 

39.6 
74.46 

136.4 
9.03 

206.6 
10.9 
79.84 

111.5 
89.8 
11.9 

138.0 

132.7 
85.18 
51.7 
58.6 
93.7 
63.18 

166.0 

19.0 

156.1 

69.9 

72.3 

196.7 
4 

1.0 
113.6 
125.89 
192.5 
65.88 

81.2 

138.2 

205.86 

6.97 

24.1 

64.6 

22H.0 

198.5 

40.0 

95.9 

140.5 

-f 

Antininnv 

Aigentum  (see  "Silver"). 
Anron 

Anenic 

«MM 

Aunim  (see  "Gold"). 
Hariiim ^ .  ^  -  r ,  -  -  r 

-f 

Benrlliiini. , t  -  -  -  t 

Bismuth ,.,.,..  ^ ...,  ^ 

1 

BoFon 

Biomin 

Cadmium  » ^ 

-f" 

Calcium .  t  -  -  r 

-f 

Carbon 

Cerium 

-h 

Cesium 

-f 

Chlnrin 

Chromium . .  - .  - 

— ^ 

Cobalt 

•  — 

Cnlnmhinm 

CoDoer 

^"'^'fi'^*  •••••••••• 

Coronium  t  t  t  .  t  .  t  t 

Erbium.  -  t 

Ferrum  (see  "Iron"). 
Flaorin 

nsHoliniiim 

t 

Gallium 

Germanium ,,......., 

Glucinum  (see  "Beryllium"). 
Gold 

1 

Helium 

Hydrargyrum  (see  "  Mercury' ' ) . 
Hvdrosen 

1 

IiKtinm 

■ 

lodm 

^..^ 

Iridium 

Iron 

"  (~ 

Kalium  (see  "Potassium"). 
KrvDton 

T<anihanum  , . .  r  - 

1 

Uad 

-- 1— 

I/ithitim  .  T  T  T  T r 

— .  - 

Magnesium 

If  amnuMwe  r 

— 

^■■■p»^"'  ■" '  •••• 

Ifasrium 

Mercurr 

1 

If  etann>n 

Molvbfienum 

Nstrium  (see  "Sodium"). 
XflOfI  vniium  TT-TT*tTTT 

6 
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Table  of  Elbmeicts  {(Jonfinued). 


NlXE. 


Neon 

Nickel 

Niobium  (see  **Columbiiim"). 

Nitrof^eii 

Osmium 

Oxygen 

Palliwlium 

Phosphorus 

Platinum 

Plumbum  (see  **l^atl**). 

Potassium 

Praseodymium 

Radium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Stannum  (see  *'Tin"). 
Stibium  (see  "Antimony**). 

Strontium 

Sulphur 

Tantalum 

Telhirium 

Terbium 

Thallium 

^Thorium 

Thulium 

Tin 

Titanium 

Tun;^.steu 

Uranium 

Vanadium 

Wolfram  (st-o  ** Tungsten*'). 

Xenon 

Ytterbium 

Yttrium 

Zinc 

Zirconium 


Atomic 

USUAI. 

rVBOL. 

VlLKKCE. 

Weight. 

1 

VOVAtUTT, 

Ne 

0 

20.0 

Nl 

II,    III 

68.6 

* 

N 

1       h  III,  y 

18.93 

„™. 

Os 

II,  IV,  VI,  VXII 

100.3 

1 

0 

II 

16.88 

**  ^ 

Pd 

II,  IV 

106.86 

+ 

P 

III,  V 

30.76 

Pt 

II,  IV 

194.3 

+ 

K 

I 

38.82 

1 
T 

Pr 

II 

143.6 

+ 

Ra 

11 

223.0 

T 

Rh 

III 

102.9 

+ 

Rb 

I 

86.2 

+ 

Ru 

11,  IV,   VI,   VIII 

101.4 

-f 

Sm 

III,  V 

149.6 

-f 

Sc 

III 

43.0 

'P 

Se 

11,  IV,  VI 

78.9 

Si 

II,  IV 

28.2 

— 

Ajr 

I 

107.89 

1 

-r 

Na 

I 

22.88 

+ 

Sr 

II,  IV 

86.96 

-f- 

S 

II,  IV,  VI 

31.83 

— 

Ta     , 

III,  V 

182.0 

— 

Te 

II,   IV,  VI 

126.0 

— 

Tb 

III 

160.1 

■f 

Tl 

I,  III 

203.7 

+ 

^Fh 

IV 

230.8 

-f 

Tu 

III 

170.7 

-f 

Sn 

II,  IV 

118.1 

1 
i 

Ti      1 

11,  IV 

48.0 

— 

W 

II,  IV,  VI 

183.6 

— » 

U 

JI,  IV,  VIII 

239.6 

-f 

V      1 

III,  V 

61.1 

— 

Xe     ' 

128  0 

Yb 

III 

172.6 

+ 

Yt      1 

III 

88.9 

-i- 

Zn 

II 

64.9 

+ 

Zr 

1 

11,  IV 

90.4 

+ 

•Haskorvlllo  hns  rrPolved  thorium  Into  two  iipw  elements,  one  ol  which  he  hu 
named  cnrdliniuni  (nUvr  his  Htiitc).  the  other  bcrzelium  (in  honor  of  the  Swedlih 
uhemi.st  who  disco vercJ  thoriumj. 


ATOMS  Am)  TTTF.nt  PBOFEBTIES. 

An  atom  ig  tbe  smallest  indivisible  particle  of  matter  that 
can  take  part  in  a  cliemic  change.  Atoms  do  not  usually  esdet 
separately,  but  are  held  together  by  chemiam,  or  chemic  (iffinity 
(polarity),  80  as  to  form  molecules.  A  molecule  may  therefore 
be  defined  as  the  smallest  portion  of  matter  that  can  exist  in 
a  free  state,  or  into  which  matter  can  he  divided  by  phyfiic  means. 

When  the  constituent  atoms  of  molecules  are  alike,  we  have 
a  Biraple,  or  elemental,  molecule;  when  the  atoms  are  unlike,  a 
compound  molecule.  Simple  molecules  make  up  elements;  com- 
pound molecules,  compoimd  substances. 

An  element  in  the  free,  nascent,  unsaturated,  or  atomic 
state  has  a  more  powerful  action  on  other  substances  than  when 
in  combination,  since  no  force  is  spent  in  breaking  up  existing 
molecules.  Free  atoms  have  no  polarity  until  they  enter  into 
combination. 

Labile  chemic  compounds  are  unstable  bodies,  and  readily 
undergo  chemic  change:  cither  a  disruption  of  the  molecule  or 
a  new  intraiuolecular  arrangement  of  atoms,  which  tend  to 
migrate  to  a  more  stable  position.  The  term  stabile  indicates  the 
reverse  of  labile.  Potential,  or  static,  labile  compounds  include 
the  explosives,  such  as  nitroglycerin.  Tliese  are  commonly  rich 
in  0.  Chemic  changes  destroy  static  labile  compounds,  whereas 
djTiamic,  or  kinetic,  labile  compounds  pass  into  polymeric  or 
isomeric  compounds :  i.e.,  the  atoms  take  on  a  different  arrange- 
ment within  the  molecule,  or  several  like  molecules  are  fused 
together  into  one.  Compounds  have  properties  of  their  own  dis- 
tinct from  those  of  their  constituent  elements. 

ATOMICITT. 

It  has  been  determined  by  careful  experiments  (Raoulfe 
method  of  depression  of  freezing  point,  using  melted  tin  as  a 
solvent),  that  most  elemeutal  molecules  are  diatomic:  i.e.,  they 
contain  two  atoms.  Ni,  Ag,  Cu,  Mg,  Pb,  B,  Hg,  Cd,  Zn,  Ca  and 
Ba  are  monatomic;  Se  and  0  (ozone),  triatomie;  As  and  P, 
tptratomic;  S  (below  S-'JO"),  octoatomic  (becomes  quadridiatomic 
at  1000°).  C  probably  has  a  considerable  atomicity.  Colloid 
molecules  have  more  atoms  than  crystalloid;  hence  are  larger. 
The  physic  properties  of  substances  vary  greatly  according  to  the 
method  of  atomic  linking,  which  in  true  chemic  compounds  is 
always  an  unbroken  system.  The  different  forms  and  properties 
whicD  some  elements  assume  according  to  the  ways  in  which  their 
vMistitnent  atoms  face  each  other  in  the  molecule  is  termed  allo- 
tropic-  In  chemic  nomenclature  the  symbol  of  an  element  rep- 
resents also  one  atom  of  the  element. 

According  to  some  authorities,  atoms  themselves  arc  definite 
COUcctiona  of  &x»mEeveral  hundred  {H,  700;  0, 11,200)  to  many 
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thousand  electrons,  or  units  of  electricity,  on  which  their  polarity 
and  radioactivity  depend.  It  is  a  noteworthy  fact  that  all 
elements  with  atomic  weight  over  200  are  radioactive. 

ATOMIC  WEIGHTS. 

The  actual  weight  of  the  atom  of  any  element  is,  of  course, 
an  imponderable  quantity,  but  tlie  relative  weights  of  elemental 
atoms  is  easily  determined  by  comparing  the  weights  of  equal 
volumes  of  these  elemental  substances  in  the  gaseous  state  and  at 
the  same  temf)erature  and  pressure,  making  due  allowance  for 
atomicitv.  When  elements  cannot  be  volatilized,  the  atomic 
weight  is  computed  from  the  density  of  their  gaseous  compounds. 
The  atomic  weight  of  any  element  is  the  weight  of  an  atom  of 
the  element  as  compared  with  the  weight  of  an  atom  of  H,  taken 
as  the  unit,  or  1.  The  atomic  weight,  for  instance,  of  0  is 
a})])ro\'imately  ](> ;  of  Br,  80;  of  Na,  23.  Elements  are  liber- 
ated by  electrolysis  in  proportion  to  their  atomic  weights. 

The  density,  or  relative  mass,  of  an  element  is  equivalent  to 
the  atomic  weight,  providing  both  elements  compared  have  the 
same  number  of  atoms  to  each  molecule.  For  example,  0  and  H 
both  contain  2  atoms  in  the  elemental  molecule;  hence  the 
density  of  0  is  IG.  Kg,  on  the  other  hand,  has  an  atomic  weight 
of  nearly  200,  and  contains  only  1  atom  t-o  the  molecule;  its 
density  is,  therefore,  one-half  of  200,  or  100.  Briefly  stated, 
the  density  is  half  the  molecular  weight,  by  which  is  meant  the 
sum  of  the  weights  of  all  the  atoms  in  a  molecule.  Substances 
containing  H  have  a  comparatively  low  density. 

It  is  necessary  to  know  the  atomic  weights  (combining 
equivalents)  of  the  different  elements  in  making  most  chemic 
calculations.  For  most  ordinary  purposes  fractions  are  dis- 
regarded and  the  nearest  whole  numbers  employed.  Atomic 
weights  are  inversely  proportional  to  the  specific  heats  of  ele- 
ments, or,  in  other  words,  the  atoms  of  the  various  elements  have 
equal  capacities  for  heat.  The  product  of  the  specific  heat  of 
any  element  by  its  atomic  weight  gives  a  nearly  constant  quantity: 
namely,  G.5.  0,  H  and  N  are  possessed  of  great  atomic  heat 
Elements  of  the  same  class  vary  in  potency  directly  with  their 
atomic  weights;  hence  it  is  a  law  that  "the  properties  of  an 
element  are  a  ])eriodic  function  of  its  atomic  weight." 

The  molecular  volume  of  a  gas  equals  the  product  of  the 
s])e(*ific  volume  and  molecular  weight.  The  molecular  heat  of  a 
sul)stance  equals  the  product  of  its  specific  heat  and  molecular 
weight,  or,  in  solids,  the  sum  of  atomic  heats  of  its  elements. 
The  molecular  heat  of  gases  diminishes  with  lowering  of  tempera- 
ture. The  moleeular  heat  of  vaporization  of  a  liquid  is  the 
product  of  the  heat  of  vaporization  and  the  molecular  weight; 
i.e.,  the  amount  of  heat  in  calories  required  to  convert  one  mol 
of  the  substance  into  vapor  of  the  same  temperature  as  the 
liquid. 
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POLAEITY. 

As  already  stated  in  the  section  on  physics,  wlien  an  elec- 
trolyte is  decomposed  by  electrolysis,  the  metal  or  +  element 
(cation)  clings  to  the  —  pole,  while  the  —  element  or  part 
(anion)  is  set  free  at  the  +  pole.  Metals  are,  therefore,  electro- 
positive in  nature;  metalloids,  electronegative.  Yet  this  classifi- 
cation is  relative  and  a  question  of  degree:  some  metals  are  more 
positive  than  others;  some  metalloids  more  negative  than  other 
non-metals.     0  is  the  most  —  of  elements;   Cs,  the  most  +. 

The  following  short  list,  comprising  the  more  common 
elements,  represents  this  relationship,  each  element  being  + 
to  the  ones  which  precede  and  —  to  those  that  follow:  0,  S, 
N,  CI,  Br,  I,  P,  As,  B,  C,  Sb,  Si,  IJ,  Au,  Pt,  Hg,  Ag,  Cu,  Bi, 
Sn,  Pb,  Co,  Ni,  Fe,  Zn,  Mn,  Ce,  Al,  Mg,  Ca,  Sr,  Ba,  Li,  Na, 
K,  Cs. 

In  ehemic  compounds  plus  and  minus  elements  are  com- 
bined, and -the  wider  the  difference  in  their  polarity,  the  greater 
the  attraction  between  them,  and,  generally  speaking,  the  stronger 
the  combination. 

Experiment. — Cut  a  piece  of  the  metal  K,  and  note  how  quickly 
the  cut  surface  whitens  (oxidizes).  Throw  a  fragment  on  a  basin  of 
water.  This  is  decomposed  by  the  K,  which  takes  up  O  and  sets 
free  H   (bums  with  a  violet  flame,  in  this  instance). 

When  two  elements  of  the  same  family  are  capable  of  com- 
bining directly  with  each  other,  the  one  having  the  higher  atomic 
weight  takes  the  positive  role.  H  and  B  invariably  take  the 
positive  role  in  combining  with  other  elements,  as  do  most  metals. 
0  and  F  are  always  negative  in  their  compounds.  Atoms  of  C, 
N,  and  P  may  have  both  +  and  —  bonds  concurrently.  The 
polarity  of  the  atoms  in  an  elemental  molecule  must  be  the  con- 
verse of  each  other:  that  is,  +  and  —  (divided  polarity). 
Wlien  such  a  molecule  enters  into  a  ehemic  change,  both  atoms 
become  of  like  polarity:  that  is,  +  or  — .  II  has  a  reducing 
power  of  2  units,  because  in  combining  with  other  elements  its 
negative  atom  rises  in  polarity  from  —  1  to  +  1 :  an  algebraic 
difference  of  2.  In  combinations  of  C,  II,  and  0  the  C  bonds 
united  to  H  are  negative;  those  joined  with  0  are  positive.  A, 
He,  Kr,  Ne  and  Xe  form  no  compounds. 

VALENCE. 

This  is  a  very  important  subject,  without  which  ehemic 
nomenclature  can  never  be  really  understood.  Valence  (equiv- 
alence, quantiyalence)  signifies  the  combining  or  replacing  powor 
of  an  element  as  compared  with  JI  taken  as  the  unit.  Those 
elements  which  combine  with  or  replace  H  atom  for  atom  aro 
called  monads.  Such  as  require  2  atoms  of  H  to  satisfy,  or 
saturate,  or  neutralize  the  polarity  of  1  atom  of  the  given  cle- 
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ment  are  termed  diads.  The  triad  atom  replaces  or  combines 
with  3  of  H  or  any  other  monad;  the  tetrad,  4  (or  2  diads) ;  the 
pentad,  5;  the  hexad,  6;  the  heptad,  7;  the  octad,  8.  The 
Latin  adjectives  corresponding  with  these  Greek  substantives  are 
univalent,  bivalent,  trivalent,  quadrivalent,  quinquivalent,  sex- 
ivalent,  septivalent,  and  octivalent.  Artiads  are  elements  with 
an  even  valence;  pcrissads,  uneven.  Monogenic  is  a  term  some- 
times applied  to  monads;  polygenic,  to  all  othej  elements.  The 
law  of  even  numbers  is  that  in  all  saturated  molecules  the  sum 
of  the  perissad  atoms  is  always  even,  and  molecules  composed  of 
perissad  elements  contain  an  even  number  of  atoms.  A  diad 
element,  or  radical,  can  be  introduced  into  a  compound  without 
altering  the  valences  of  other  elements:  e.g.,  K — 0  —  K  and 
K  — 0  —  0  — 0  —  0  — K. 

It  will  be  noticed  that  a  good  many  elements  have  more 
than  one  valence,  the  series  differing  by  2,  as  a  rule.  The  higher 
valence  is  shown  only  when  the  element  is  acting  the  +  role  in 
connection  with  0,  which,  on  account  of  ultranegativity,  seems 
to  draw  out  the  full  polarity  of  the  more  positive  element  with 
which  it  is  combined.  Valences  vary  also  with  temperature  and 
with  unknown  conditions.  The  valence  of  an  element  may  differ 
in  the  same  compound,  as  in  the  formula,  NH4CNO.  ^ 

The  following  table  shows  at  a  glance  the  usual  valence  of 
each  of  the  more  common  elements : — 


M(»NAn5. 

Diads.       | 

Triads. 

CI 

TETRAD!*. 

s 

Pe.mtads 

nCXADS. 

Heptaos. 

OCTAM. 

F 

1 

c. 

S 

N 

08 

(1 

s       ' 

N 

c 

N 

Cr 

01 

Ru 

Br 

ng(ic)  : 

P 

Si 

P 

Mn 

I 

Cu  (ic) 

As 

Pt 

As 

H 

Pb       1 

B 

Sn  (ic) 

A^' 

(\l 

Sb 

Li 

Co       ! 

Au 

i 

Na 

Ni 

Bi 

K 

Fe  (ous) 

Co 

Hjr  (oils) 

Cr  (ous)  ^ 

Fe  (ic) 

Cu   (C)US) 

Mn  (nils) 
Zii        1 
Mg       i 
-    Ca        1 
Sr 
Ba 

Al 
Cr 

'• 

Sn  (ous) 

The  valence  of  an  element  can  be  indicated,  in  one  of 
three  ways:  1.  By  Ionian  numerals  placed  above  the  symbol 
and  to  the  right;  as,  H^  0",  W^\  C^^.  2.  By  smgle  clashes 
representing  double  (positive  and  negative)  bonds  of  union,  or 
points  of  attraction,  or  poles  of  the  atomic  magnet;   as,  H — ^ 


—  0 — ,   N:^=,  =^C:^.     3.  By  accent  marks   written   to   the 
riglit  and  above  the  eymbol ;  as,  CI', 

ExercUe. — Practice  on  combining  the  poailive  with  the  negative 
etunents  of  the  table  above,  acrarding  to  their  valence,  writing  the 
pMittve  element's  Bymbol  Brat.  For  example,  NnCI,  Pbl-,  AiiCl,,  SO., 
P,Ub. 

Expressed  according  to  the  electronic  theory,  the  valence  of 
an  element  is  the  number  of  electrons  gained  (negative)  or  lost 
(posilive)  in  order  for  the  atom  to  become  stable  or  reach 
equilibrium. 

The  true  combining  value,  or  polarity  vahie,  of  any  atom 
in  combination  is  the  algebraic  sum  of  its  +  and  —  bonds.  An 
atom  having  3  negative  bonds,  and  another  hnving  3  positive 
bondp,  are  of  equal  valence,  but  the  difference  in  their  respective 
fwl an ty- value  ia  6.  Thus,  KMn04  has  an  oxidizing  power  of 
5  units,  since  the  difference  in  polarity  between  5In  in  this  com- 
pound and  Mn  in  the  reduced  (deoxidized)  manganese  compound 
is  7  —  2,  or  5.  The  lowest  possible  polarity  value  is  —  4;  the 
highest  polarity  value,  +  8;  but  the  difference  between  the 
highest  and  the  lowest  polarity-valne  in  the  B.Tme  ntnm  never 
exceeds  8  unit^.  The  algebraic  sum  of  the  +  and  —  bonds  hold- 
ing any  two  or  more  atoms  together  is  zero.  Any  increase  or 
diminntion  in  the  polarity- value  of  any  atom  or  group  is  always 
accompanied  by  nn  equal  converse  diminution  or  increase  in  the 
combining  atom  or  group.  Increase  of  polarity- value  is  termed 
oiidation;  decrease  of  polarity  value,  reduction.  Oxidizing 
agents  are  atoms  or  groups  that  will  sustain  a  diminution  of 
polarity  value;  reducing  agents  are  atoms  or  groups- that  can  ■ 
gain  in  polarity  value.  Free,  or  nascent,  0  is  an  oxidizing 
agent,  because  when  it  enters  into  combination  with  other  ele- 
ments it  acquires  2  negative  bonds.  Free,  atpmic  H  is  a  reducing 
agent  for  the  converse  reason.  Unsaturated  compounds  can 
enter  directly  into  oombinatiOD  with  other  elements  or  com- 
poumda.  According  to  T/jeb,  the  higher  the  valence  of  cations  the 
greater  is  their  activity  on  sohitions  of  electrolytes. 

Gay-Lu8sac's  law  states  that  volumes  of  gases  entering  into 
chcmic  union  hold  a  simple  relation  to  each  other,  the  compound 
gas  resulting  usually  having  the  volume  of  two,  even  when  the 
original  single  volumes  were  three  or  four.  Thus  one  volume 
N  -f  three  volumes  H  ^=  two  volumes  NHa.  Dalton's  law  is 
that  a  definite  chemic  compound  always  contains  the  same  ele- 
ments united  in  the  same  proportions  (law  of  multiple  propor- 
tions). As  a  corollary  to  this,  the  law  of  equivalent  proportion 
asserts  that  the  proportions  in  which  any  two  elements  unite  with 
a  third  are  the  same  in  which  they  unite  with  each  other.  The 
chemic  equivalent,  or  equivalent  weight,  equals  the  atomic  weight 
divided  by  the  valence.  Gram -equivalent  ia  the  weight  ' 
molecule  in  grams  divided  by  the  valence. 
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HOLECTTLES  ANB  FOBHULAS. 

The  molecule  has  already  been  defined  as  the  smallest  por- 
tion of  matter  that  can  exist  in  a  free  state,  or  independently. 
Homogeneous  masses  are  made  up  of  like  molecules.  When  the 
atoms  composing  a  molecule  are  alike,  the  molecule  is  simple,  or 
elemental;  when  the  atoms  are  unlike,  they  fonn  a  compound 
molecule. 

A  radical  or  residue  is  an  atom  or  a  group  of  atoms  common 
to  a  number  of  compounds.  A  single  atom  constitutes  a  simple 
radical;  a  group  of  unsaturated  atoms,  a  compound  radical. 
For  example,  the  Na  atom  is  a  simple  radical,  characteristic  of 
all  sodium  compounds;  HO  is  a  compound  radical  present  in 
every  hydrate.  Compound  radicals  may  be  regarded  as  residues 
left  on  removing  one  or  more  atoms  from  a  saturated  molecule; 
thus,  HO,  hydrate,  is  derived  from  H2O  by  dropping  one  atom 
of  H.  The  valence  of  most  compound  radicals  is  easily  deter- 
mined by  subtracting  the  sum  of  positive  polarities  from  the 
sum  of  the  negative  polarities,  or  vice  versa. 

The  following  table  of  coippound  radicals  and  their  valences 
should  be  learned  by  heart : — 


Monads. 

DiADS. 

1 
Fe 

Triads. 

TlTBADS. 

NH4  -  ammonium 

Hga -^  mercurous 

(Ic) 

Si04  =  8Uicate 

CUa-- methyl 

Cu2  -^  cuprous 

'    Mn 

(ic) 

PiOj  =  pyrophos- 

C,'H5-ethyl 

S2O3  ^  thiosuJphate 

Or 

(ic) 

phate 

HO     hydrate 

8O3 -- sulphite 

1    ^ 

(ic) 

Fe(ON)e  =  feiTo- 
cyanid 

CN(Cy)-  cyanid 

804^  sulphate 

BO 

s  =  borate 

NOj  -nitrite 

CO3  — carbonate 

AsOs  ■—  arsenite 

NOj -nitrate 

Cj04  =  oxalate 

A8O4  - '  arsenate 

CIO  -  hypochlorite 

CrOi^chromate 

CaHsOi  ■-- 

citrate 

CIO2  --  chlorite 

Cr20T  =  dichromate 

P0< 

=  phosphate 

CIO3  -  chlorate 

C4H405^=malate 

Fe(ON)« 

=  ferrl- 

CIO4-  pcrchlorate 

C4H40fl  ^- tartrate 

cyanid 

PO;i  --  metaphosphate 

PHO3-  phosphite 

PH-Oi>     hypophos- 

B4O7  ^  tetraborate 

phite 

M0O4  =  molybdate 

CAl^Oi     acetate 

WO4  =  tungstate 

CHiOa     lactate 

C.H.Oi  -  valerianate 

C.H..0  -carbolate 

CrH:.02--  bcuzoate 

U;H:.0,--jjalicylate 

ChH'jO'j     tannate 

CrHiOo    \eallate   . 

A  formula  is  a  combination  of  symbols  representing  a  mole- 
cule, as  XaCl,  which  stands  for  a  molecule  of  sodium  chlorid, 
made  up  of  an  atom  each  of  Na  and  CI.  HoO  is  the  formula  of 
hydrogen  oxid,  or  watej*,  which  is  composed  of  2  parts  of  H  and 
1  of  0.     In  writing  formulas  we  place  the  +  element,  or  radical, 


MOLECULES  AND  FORMLTLAS.  89 

always  firet,  the  —  element,  or  radical,  following,  taking  care 
that  the  valence  of  each  is  satisfied.  The  multiplication  of 
atoms  is  shown  by  small  figures  written  to  the  right  and  below  the 
symbol,  as  in  H2O  or  HgCl2.  Compound  radicals  taken  a  num- 
ber of  times  are  inclosed  in  parentheses;  thus:  (NH4)2S04. 
Two  or  more  molecules  of  a  compound  are  designated  by  a  large 
figure,  or  coefficient,  written  before  the  fonnula;  thus,  5H2O 
represents  five  molecules  of  water. 

Exercise. — Practice  in  notation  of  formulas  with  the  aid  of  the  two 
preceding  tables.     For  example,  n2S04,  Na2H407,  FeCls. 

A  graphic,  structural,  or  rational  fonnula  differs  from  the 
ordinary  empiric  formula  in  that  the  arrangement  and  relation 
of  atoms  to  each  other  in  a  molecule  are  shown  pictorially.  In 
other  words,  not  only  the  composition,  but  the  constitution,  as 
well,  of  the  compound  is  shown.  Graphic  formulas  are  of  great 
interest  and  importance  in  organic  chemistry.  They  are  based 
upon  a  study  of  the  chemic  conduct  of  compounds,  and  the  bonds 
of  union  are  usually  indicated  by  dots  or  dashes.  The  following 
are  examples: — 

H— O— H  for  H,0;    H— 0— \T  for  HNO^;    Na— O  — 

►r  Na,CO, 


U— \T  for  HNO2;    Na— O— /^ 
0  =  1>I  Na— O— I      foi 


The  nomenclature  of  chemic  compounds  is  simpler  and 
more  definite  than  it  formerly  was.  Binary  compounds  (those 
containing  but  two  elements  directly  united,  or  a  positive  com- 
pound radical  and  a  negative  element)  are  read  by  naming  with 
its  proper  name  the  positive  element  or  radical,  and  then  the 
negative  element  with  its  ending  changed  to  id  (or  ide) :  e.g., 
XaBr,  sodium  bromid;   KJ,  potassium  iodid,  etc. 

Exercise. — Write  formulas  and  name  ten  binary  compounds. 

Ternary  compounds  (those  containing  more  than  two  elements, 
indirectly  united,  or  more  than  a  —  element  and  a  4-  radical)  are 
named  according  to  the  table  of  radicals  given  above.  It  will  be  seen, 
as  per  the  following  graphic  formulas,  that  the  ending  ate  indicites  a 
higher  valence  of  the  negative  element  than  does  He,  and  still  higher  in 
p€'r — ate,  while  its  lowest  valence  is  expressed  by  hypo — He. 


Pscaarivm  bjpoehlorito  PotaMlam  ehlorito  PotMtiam  ehloraU  Potaninm  p«rchlonte 

K— O— Cl^  K— O— r»l"l     K  — O— r^iv     K— O— /^^vii 


8=cr"  ''-o^cr  ''"rCl 


0== 

Exercise. — Write  formulas  and  name  ten  ternarj-  or  quaternary 
compounds. 

The  +  as  well  as  the  —  elements  sometimes  difTer  in 
valence  in  different  compounds.  The  higher  valenoo  is  dis- 
tinguished by  changing  the  end  of  the  name  of  the  positive  ele- 
ment to  ic;  the  termination  otis  is  characteristic  of  the  lower 
valence. 
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Tlie  formulas  of  acid  substances  are  readily  formed  by  pre- 
fixing the  requisite  number  of  H  atoms  to  the  corresponding 
radical:  to  the  monad  radical  1  H;  to  the  diad,  2,  etc.  Thus, 
the  radical  for  nitrite  is  KOo,  the  formula  for  nitrous  acid 
nN02 ;  the  radical  for  nitrate  is  NO3,  the  formula  for  nitric 
acid  is  HNO3.  Again,  SO4  is  the  diad  radical  for  sulphate,  and 
110804  the  formula  for  sulphuric  acid. 

Exercise. — Write  and  name  all  the  acid  formulas  that  can  be 
formed  from  the  radicals  ending  in  ate  or  ite  in  the  table  above. 

There  are  some  irregularities  in  chemic  nomenclature  aris- 
ing from  the  old  system  and  occasionally  met  with  in  medical 
literature.  The  most  important  of  these  anachronisms  are  the 
use  of  the  prefixes  per  for  the  suffixes  ic  and  ate,  and  of  proto 
for  He  or  aus.  The  prefixes  mon,  di  or  bi,  tri  or  ter,  teira,  and 
penia  are  often  employed  to  indicate  the  number  of  atoms  of 
a  given  element  in  a  compound,  as  CO2,  carbon  dioxid ;  HgCl2, 
the  birhlorid  of  mercury;   N2O3,  nitrogen  trioxid. 

The  ox  ids  of  some  of  the  metals  are  sometimes  named  by 
simply  changing  the  um  termination  of  the  name  of  the  metal 
to  a;  as  Na20,  soda;  MgO,  magnesia;  and  SrO,  strontia. 
Many  oxids  of  non-metallic  elements  unite  with  H2O  to  form 
acids,  and  on  this  account  are  known  as  anhydrids;  thus,  P2O5  is 
called  phosphoric  anhydrid,  and  CO2,  carbonic  anhydrid. 

The  ferric  salts  were  formerly  termed  the  sesquioxid, 
sesquichlorid,  etc.  The  proper  names  of  compound  radicals 
commonly  terminate  in  yl,  as  CO,  carbonyl;  COOH,  carboxyl; 
HO,  hydroxyl  or  oxhydryl  or  simply  ol ;  BiO,  bismuthyl ;  1^02, 
nitroxyl ;  and  SOo,  sulphuryl.  The  popular  names  of  common 
compounds  do  not  generally  express  their  composition,  but  more 
often  the  place  of  origin  or  some  physical  peculiarity;  for 
example,  ammonia,  marsh-gas,  sewer-gas,  and  oil  of  vitriol. 
Water  of  crj^stallization  is  shown  by  tiie  -|-  sign  or  a  period 
before  H2O. 

ACIDS,  BASES,  AND  SALTS. 

The  function  of  a  substance  includes  its  chemic  character 
and  relationships — acid,  base,  salt,  etc. 

An  acid  is  a  chemic  compound  consisting  of  a  negative. 
element  (rarely  metals)  united  to  H  either  directly  or  by  means 
of  linking  0  or  S.  If  the  union  is  direct,  we  have  what  is  called 
a  hydracid ;  if  by  the  medium  of  0  as  a  connecting  agent,  an 
oxyacid ;  if  S  is  the  linking  agent,  a  sulphoacid.  The  oxyacids 
are  much  the  most  numerous.  The  following  graphic  formulas 
show  how  0  and  S  act  as  linking  agents : — 

Carbonic  acid  8alpho«arbonie  fteid 

H  — O— P  H— S— O 

II  — 0—1  H  — S— I 
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Ternary  acids  may  be  regarded  ae  hydrates  of  negative 
elements. 

If  the  number  of  HO  groups  equals  the  vaicnce  o£  the 
^atom  or  atoms,  we  have  an  ortho-acid.  Thus,  8'''(H0)a  is 
orthosuipburic  acid.     Ortho-acids  are  unstable,  tending  to  lose 

1  or  more  molecules  of  water,  leaving  1  atom  of  0  for  every 

2  hvdroxyl  groups  that  break  oS  HgO.  Thus,  orthosulphuric 
acid,  by  losing  8  molecules  of  HoO,  becomes  S^'Oo(IIO)a,  which 
13  ordinary  sulphuric  acid,  H2SO4,  Acids  derived  from  the 
ortho-acids  in  this  way  are  laiown  as  meta-acida.  The  meta-acids 
are  more  stable  than  the  ortho-acids,  and  are  hence  more  fre- 
quently met  with.  The  strongest  acids  are  generally  those  in 
which  the  acidic  (negative)  clement  eserta  a  high  polarity-value; 
thuB,  the  valence  of  S  is  6  in  sulphuric  acid. 

The  properties  of  acida  in  general  are  briefly  as  follows  :— 

1.  Dilute  solutions  have  a  sour  taste;   exauiple,  vinegar. 

2.  In  solution  they  cliange  litmus  and  other  vegetable  colors 
from  blue  to  red. 

3.  They  corrode  metals,  with  evolution  of  the  H  of  the  acid, 
the  metal  taking  the  place  of  the  H,  forming  salts. 

4.  They  neutralize  bases,  with  the  production  of  salts  and 
water.  The  heat  of  neutralization  signifies  the  amount  of  heat 
erolred  when  one  gram-molecule  of  an  acid  and  one  gram-mole- 
cule of  a  base  dissolved  in  water  are  mixed. 

5.  On  living  tissues  they  have  either  an  astringent  or  a 
caustic  effect,  according  to  the  strength  of  the  acid  or  tlie  degree 
of  dilution. 

The  H  of  nn  acid  which  can  be  replaced  by  metals  to  fonn 
salU  is  termed  the  basic  hydrogen  (since  it  pla>^  the  +  r6le), 
and  in  empiric  formulas  is  generally  written  first,  apart  from 
0;e  H  of  the  compound  radical,  if  such  there  be.  By  the  basic- 
ity of  an  acid  is  meant  the  number  of  atoms  of  basic  hydro- 
gen. Thus,  HCsHaOa  is  monobasic,  HaCaO*  is  dibasic,  and 
B3C<iH607  is  tribasic.  The  true  radical  (not  salt  residue)  of 
an  acid  is  obtained  by  subtracting  as  many  OH  groups  as  equals 
the  basicity  of  the  acid. 

A  base  consists  of  a  -)-  element  (mcta!)  united  to  H  by 
means  of  linking  0.  Otherwise  stated,  a  base  is  a  hydrate  of 
a  metal.  It  can  be  made  by  the  action  of  a  metal  on  water. 
Bases  are  nearly  always  ortho  in  character:  i.e.,  the  number 
of  HO  groups  equals  the  valence  of  the  positive  atom  or  atoms. 
Inorganic  bases  are  commonly  called  hydrates  or  hydroxids. 
Strong  bases  are  sometimes  known  as  alkalies.  The  etrougest 
bases  are  those  in  which  the  basic  (positive)  element  is  of  a  low 
polarity-value:  e.y.,  K'  — 0  — H. 

Tub  properties  of  bases  are,  in  general,  the  opposite  of  those 
of  acids : — 

1.  Diluf«  solutions  have  an  "alkali"  taste. 
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2.  They  restore  the  hlue  color  of  litmus  and  other  vegetable 
products. 

•  3.  They  corrode  some  of  the  less  +  metals,  evolving  H  and 
forming  pa  Its. 

4.  They  neutralize  acids,  producing  salts  and  water. 

5.  On  living  tissues  tliey  exert  a  caustic  effect,  blistering 
and  forming  soap  witli  the  fats.  Weaker  solutions  dissolve 
mucus  and  false  momhranos. 

The  number  of  rephiceahle  H  atoms  in  a  base  determines 
its  so-called  acidity.  Thus,  KlIO  is  monacid;  Ba  (H0)2  is 
diacid.  The  e<iuivaI(Mit  of  an  acid  or  base  is  the  quantity  thereof 
equal  to  one  molecule  divided  bv  the  basicitv  or  aciditv. 

A  salt  consists  of  a  —  element  joined  to  a  -{-  element,  either 
directly  or  hy  means  of  linking  0  or  S.  Salts  are  formed  in 
five  wavs : — 

1.  Bv  the  uni(m  of  a  +  ^^^d  a  —  element,  as: — 

Au  +  Cl..>  --  AuCl^. 

2.  Bv  the  union  of  a  +  ^^'d  and  a  —  oxid : — 

CaO  +  COo  =  CaCOa 

3.  By  the  union  of  an  acid  and  a  base: — 

lin  +  KirO  -=-KCl  +  HoO 

4.  Bv  the  action  of  an  acid  or  a  hase  on  a  metal: — 

Zn  -!-  HoSO^  ^  ZnS04  +  ITo 

5.  Bv  suhslitutlon  of  one  radical  for  another: — 

AgN();>  +  NaCU  =  NaNO;j  +  AgCl 
This  is  hy  far  the  most  frequent  method  of  preparing  salts. 
AVhcn  the  hasic  H  of  an  acid  is  all  replaced  by  a  metal, 
we  have  a  neutral  or  normal  (siHiondary)  salt.  ZnS04  is  an 
example  of  a  nornuil  salt,  in  which  1  atom  of  the  diad  Zn  has 
taken  the  place  of  the  '3  atoms  of  II  in  H0SO4.  If  the  acid  is  in 
excess  and  its  hasic  H  is  only  partially  replaced  by  the  +  element, 
we  have  an  acid,  primary,  or  hi-salt  (so  called  because  the  pro- 
portion of  acid  radical  to  metal  is  twice  what  it  is  in  normal 
salts) .  Of  this  class,  XaiU'O.t  is  an  example,  being  derived  from 
IImCOm  by  the  suhstitution  of.l  atom  of  Na  for  1  of  the  2  of  H. 

When  ])art  of  the  hasic  II  of  an  acid  is  replaced  by  one 
metal  and  ])art  hy  another,  we  have  what  is  called  a  double  salt, 
of  which  KXaSO^  is  an  (»xample.  Basic,  oxysalts  or  subsalts  are 
formed  when  the  hase  is  in  excess  of  the  acid  with  which  it  is 
coinhined,  leaving  part  of  the  0  or  HO  of  the  base  undisturbed. 
They  may  he  regarded  as  hases  in  which  part  or  all  of  the  H 
has  heen  replaced  by  acid  radicals.  Ilg  salts  show  a  marked 
tend  en  cv  to  become  basic. 


Bi-?o.. 


is  the  most  important  hasic  salt,  corresponding  to  the  neutral 
or  saturated  salt  Bi(N03)3.     Subsalts  are  generally  unstable; 
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hence  of  uncertain  composition.  Persalts  are  ready  oxidizers, 
and  deflagrate  on  heating.     Hyposalts  are  strong  reducing  agents. 

When  a  metal  or  a  base  is  acted  upon  by  two  acids  at  the 
same  time,  salts  of  both  acids  are  formed,  the  relative  amount  of 
each  varying  with  the  quantity  of  each  acid,  and  also  with  their 
relative  affinity  for  the  given  metal.  Thus,  Na  has  twice  as 
great  affinity  for  HNO3  as  for  H2SO4. 

By  the  chemic  reaction  of  a  substance  in  the  fluid  fonn 
we  mean  the  change  of  color  produced  in  litmus-paper  immersed 
in  the  liquid.  If  the  change  is  from  red  to  blue,  the  reaction 
is  alkaline;  if  the  reverse,  acid.  When  either  color  becomes 
violet,  the  reaction  is  neutral.  In  a  few  instances — e.g.,  cows' 
milk — the  reaction  is  amphoteric,  changing  blue  litmus  to  red 
and  red  to  blue.  This  paradox  is  explained  by  the  presence  of 
different  salts  of  an  alkaline  and  of  an  acid  reaction. 

The  terms  neutral,  acid,  and  basic  as  applied  to  tlic  com- 
position of  the  salt  molecule  do  not  necessarily  signify  a  similar 
chemic  reaction.  A  strong  acid  with  a  weak  base  will  form 
salts,  as  a  rule,  all  of  acid  reaction  ;  for  this  reason  the  sulphates 
generally  are  acid  in  nature  and  hence  astringent.  Conversely, 
a  weak  acid  and  a  strong  base  yield  salts  of  alkaline  reaction. 
The  acid  or  bicarbonate  of  sodium,  for  instance,  is  used  largely 
as  an  antacid  on  account  of  its  alkaline  reaction.  The  salts  of 
the  hj'dracids  are  usually  neutral  in  composition  and  reaction. 

For  convenience  of  comparison,  it  is  said  that  acids,  bases, 
and  salts  are  built  upon  the  water  ( H  —  0  —  H)  type.  In  the 
acid  one  of  the  H  atoms  is  replaced  by  a  —  element,  expressed 

tlms :   E  —  0  —  H.     In  the  base  a  +  element  is  substituted  for 

the  H  atom;    as,  E  —  0  —  H.     In  the  salt  both  11  atoms  are 

displaced,  the  one  by  a  -|-  element,  the  other  by  a  —  element, 

4-  - 

represented  thus :   E  —  0  —  E. 

In  organic  chemistry  we  have  three  groups  of  compounds 
corresponding  to  acids,  bases,  and  salts,  and  termed  amjds, 
amins,  and  alkalamids,  respectively.  In  these  N  acts  as  the 
linking  element  instead  of  0  or  S.  These  com  pounds  are  said 
to  be  built  upon  the  ammonia  (H3N)  type.  P  and  As  also  rarely 
act  as  linking  agents. 

According  to  the  theory  of  electrolytic  dissociation,  now 
well  established,  dilute  aqueous  solutions  of  electrolytes  contain 
no  molecules,  but  only  cations  and  anions.  Thus,  a  weak  solu- 
tion of  NaCi  breaks  up  into  the  cation  Na  and  the  anion  (Jl; 
one  of  KBr  into  K  and  Br.  Hence,  a  mixture  of  these  solutions 
has  the  same  properties  as  a  mixture  of  solutions  of  similar 
strength  of  KCl  and  NaBr.  Acids  dissociate  into  an  H  cation 
and  an  anion  varying  with  each  acid,  and  the  strength  of  any 
acid  depends  upon  the  number  of  II  ions  present.  Bases  dis- 
Bociate  into  (HO)  anions  and  various  metals.     The  II  and  the 
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no  ions  cannot  exist  independently  in  the  same  solution,  but 
unite  and  neutralize  each  other  to  form  H2O,  the  other  ions 
remaining  unchanged.  Strong  acids  or  bases  are  highly  ionized ; 
weak  ones,  slightly  so. 

The  ion  of  H  is  called  hydrion,  and  the  names  of  other 
metals  end  in  ion.  The  HO  ion  is  hydroxtdion;  CI,  chloridion; 
and  so  on  for  other  anions.  When  the  name  of  a  salt  ends  in  ate, 
the  corresponding  ion  has  the  suffix  anion;  the  ending  for  an  ite 
ion  is  osion — thus,  CIO  is  hypochlorosion.  A  round  dot  is  some- 
times used  to  indicate  a  cation;  and  an  accent  mark  or  prime,  an 
anion,  valence  being  shown  by  the  number  of  dots  or  primes. 

The  strength  of  an  acid  is  proportional  to  its  degree  of  dis- 
sociation— IICl  more  than  II2SO4.  In  concentrated  solution 
II2SO4  breaks  up  into  H*  and  HSO'4  (monosulf anion) ;  when 
more  dihited,  into  2n*  and  80^4  (disulfanion).  Weak  acids 
give  off  one  II*  (and  HCO'3  in  case  of  carbonic) ;  there  is  little 
or  no  H*  in  solutions  of  their  acid  salts,  hence  they  are  neutral 
or  alkaline.  In  the  electrolysis  of  an  oxacid  the  group  first 
separated  at  the  +  electrode  is  called  the  residue  of  the  acid. 

The  anion  in  the  case  of  oxygen  salts  usually  breaks  up,  with 
evolution  of  0.  Sulphates  on  electrolysis  liberate  S0"4  (at  the 
+  pole),  which  reacts  with  HoO  to  form  H2SO4  and  set  free  0. 
Precipitates  of  salts  by  reaction  are  no  longer  ionized  but 
molecular.  The  salts  of  weak  bases  or  weak  acids  break  up  by 
liydrolysis,  on  dissolving,  into  the  corresponding  free  acid  and 
free  base,  each  giving  its  own  reaction,  with  gradual  changes  of 
tints  in  presence  of  an  indicator. 

The  amount  of  electricity  carried  by  a  univalent  gram-ion 
(weight  of  ion  in  grams)  is  90,580  coulombs,  and  is  termed  the 
unit  charge.  Divalent  ions  carry  twice  and  trivalent  ions  three 
times  as  much.  This  explains  Faraday's  law  of  electrolysis,  viz., 
when  a  current  is  passed  through  solutions  of  salts  of  different 
metals,  the  amounts  of  these  set  free  at  the  electrodes  are  pro- 
portional to  their  atomic  weights  divided  by  the  valence. 

The  solubility  of  a  salt  (or  element)  is  influenced  by  the 
presence  of  an  electrolyte  with  a  common  ion,  causing  primary 
su})crsaturation  by  concentration  of  ions.  Mendelejeff  held  that 
a  solution  is  a  "homogeneous  liquid  system  of  unstable  disso- 
ciating compounds  of  the  solvent  with  the  substance  dissolved.*' 

The  clicmic  energies  of  molecules  come  forth  as  they  are 
broken  up  into  ions.  ]\lost,  if  not  all,  chemic  reactions  are  ionic 
in  character,  and  some  of  the  biologic  effects  of  acids  and  bases 
have  been  ]) roved  to  depend  solely  upon  the  H  ions  of  the  acid  and 
the  110  ions  of  the  base.  Acids  tend  to  decrease  the  secretions 
of  acid  glands  and  increase  alkaline  secretions,  while  alkalies  have 
just  tliij  opposite  effects.  All  forms  of  activity  in  the  body  are 
accompanied  by  electric  discharges,  which  are  possible  only  in 
the  presence  of  ions  (mineral  salts). 
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CHEMIC  REACTIONS  AND  EQTTATIOVK 

By  chemic  reaction  ia  understood  the  mutual  action  on  each 
other  of  the  factors  in  a  cliemic  change.  A  substance  added  to 
another  to  produce  such  a  change  is  called  a  reagent. 

Experiment. — Add  UaCl2  to  MgSO^  and  note  turbidity. 

In  this  reaction  BaCl2  is  tlie  reagent  used  as  a  test  for  sul- 
phates; the  factors  in  the  reaction  are  BaCU  and  MgSOi;  the 
products  of  the  reaction  are  BaSO^  and  MgCU- 

The  burning  of  coal  or  wood  ia  another  example  of  chemic 
reaction,  in  which  the  factors  are  the  0  of  the  air  and  the 
O  and  H  of  the  fuel,  the  products  being  H2O  and  CO2. 

The  heat  evolved  in  ordinary  reactions  of  combination  is 
absorbed  in  reactions  of  decomposition.  If  in  a  chemic  reaction 
stronger  affinities  are  satisfied  than  are  broken,  energy  will  be 
liberated;  if,  on  the  other  hand,  stronger  affinities  are  broken 
than  are  satisfied,  energy  will  be  required  to  bring  aboift  the 
reaction.  A  combination  of  atoms  into  molecules  leads  to  libera- 
tion of  energy,  while  the  separation  of  a  molecule  into  its  atomic 
elements  requires  energy.  In  esotliermic  {+)  reactions  heat  is 
generated;  in  endothermic  { — ),  absorbed  from  surrounding 
bodies  (cooled).  Compounds  (1^20,  HaOj,  HI)  are  formed 
endothermically  with  difficulty,  and  are  unstable,  decomposing 
with  evolution  of  heat  (nitrates,  chloratt^s). 

The  heat  of  formation  of  a  compound  is  the  positive  or  nega- 
tJTfi  hent  eiTect  attending  the  formation  of  one  mol  of  a  compound 
from  its  elements ;  that  of  water  is  (i8.400  calories.  The  heat  of 
reaction  is  the  simi  of  heats  of  formation  of  substances  produced 
uiinus  sunt  of  heats  of  formation  of  substances  reacting. 

Chemic  reaction  is  favored  by  everything  that  aids  a  free 
mixture  of  the  molecules  of  the  factor  substances:  that  is,  by 
heat,  light,  electricity,  fusion,  solution,  volatilization,  and  pul- 
vrrizntion.  A  rise  of  lu"  about  doubles  the  velocity  of  a  reaction. 
Thus,  a  reaction  which  at  0°  requires  34  hours  for  completion 
would  be  finished  in  84  seconds  at  100".  Colloids  are  feeble  in 
all  their  chemic  relations.  Solids  may  be  made  to  combine  with 
each  oilier  by  great  pressure, 

Cbemic  action  is  limited  to  deSnite  weights  and  is  propor- 
tional to  the  active  mass  of  each  substance  taking  part  in  the 
change — ^the  law  of  mass-action.  For  example,  red-hot  iron  in 
exceee  decomposes  water  (steam),  taking  up  oxygen  (forming 
^8304),  and  setting  free  hydrogen;  while  an  excess  of  hydrogen, 
as  in  the  oxybydrogen  blowpipe  flame,  takes  away  the  oxygen 
from  thfc  oxids  of  iron,  forming  water  and  leaving  reduced  or 
metallic  iron.  H1.CO3  decomposes  alum  bases  and  silicates  in 
solution,  but  is  displaced  by  them  on  fusion. 

Some  reactions  proceed  only  to  a  certain  limit.  Thus  the 
dccoiD position  of  CaCOg  ceases  when  COg  has  collected  up  to  a 
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certain  pressure.  In  other  instances,  the  majority,  there  are 
two  opposite  reactions,  wliich  mutually  lessen  the  products.  For 
example,  when  ethyl  alcohol  is  treated  with  acetic  acid,  forming 
etliyl  acetate  and  water,  the  change  ceases  when  two-thirds  of  the 
material  is  transformed,  since  the  water  and  the  ethyl  acetate 
react  upon  each  other  to  produce  the  reverse  change.  This  limit- 
in<;  of  reaction  is  most  noticeable  in  changes  accompanied  by 
hi^i^li  tcmj)oratures,  as  in  combustion  or  explosion.  Optically 
active  substances,  reversed  to  their  mirror-like  isomers  (as  dextro- 
to  levo-tartaric  acid),  develop  no  heat  whatever,  and  so  yield 
equal  proportions  of  an  inactive  mixture  of  opposite  salts. 

Common  salt  can  be  completely  decomposed  by  excess  of 
HXO;{ ;  and  niter,  by  excess  of  HCl.  The  reaction  between 
II0SO4  and  NaCl  is  carried  to  the  end,  because  the  resulting 
llVl  is  volatile  and  passes  away,  and  H2SO4  is  non-volatile. 
Dynamic,  not  static,  e(iuilibrium  is  attained  in  reversible  re- 
actions. Heterogeneous  equilibrium  obtains  wuth  immiscible 
liquids  and  solids.  The  two  or  more  parts  (separated  by  bound- 
in<j:  surfaces)  are  called  phases  of  the  system.  The  number  of 
dcfrrcos  of  freedom  diminislies  with  increase  of  number  of  phases 
present,  and  increases  with  number  of  components.  Phase  Rule 
of  Gibbs:  P  (phases)  +  F  (freedom)  =  C  +  2  — P.  When 
a  change  of  condition,  as  in  the  various  forms  of  H2O,  can  take 
place  in  either  direction,  we  have  what  is  termed  a  reversible 
cycle. 

The  reagent  for  a  given  substance  or  class  of  substances  is, 
of  course,  a  test  for  that  substance  or  class,  as  well  as  an  anti- 
dote in  the  case  of  poisons.  Thus,  BaClo  is  the  test-reagent  for 
siilj)hates  in  general,  as  it  forms  with  them  the  insoluble  sulphate 
of  barium;  AgN().j  is  the  test-reagent  for  chlorids;  and,  con- 
versely, common  salt  (NaCl)  is  the  chemic  antidote  for  poisoning 
by  AgiXOa. 

Experiment. — Sliow  ppt.  of  AgN03  with  NaCl. 

A  prccij)itate  (ppt.)  is  a  substance  thrown  out  of  solution. 
In  the  above  example  AgCl  is  the  ppt.  In  manufacturing 
chemistry  precipitation  is  a  common  method  of  preparing  drugs. 
The  pj)ts.  produced  by  hot,  strong  solutions  are  generally  denser, 
coarser,  and  lieavier  and  more  often  crystalline  than  those  pro- 
duced in  cold,  dilute  solutions. 

A  chemic  equation  is  the  statement,  by  means  of  formulas 
and  of  +  and  -^  signs,  of  the  equality  between  the  sum  of  the 
factors  and  the  sum  of  the  products  of  a  chemic  reaction.  The 
equation  represents  the  reaction  between  molecules,  and  con- 
se([ucntly  Ix'tween  the  homogeneous  substances  which  the  mole- 
cules constitute.  It  also  shows  the  numeric  balance  of  molec- 
ular weights,  thus : — 

137  +  71  +  21  +  32  +  ()4  =  137  +  32  +  64  -f  24  +  71 
BaCl2  +  MgS04  =  BaS04  +  MgClg 
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There  are  a  few  simple  rules  in  regard  to  the  writing  of 
chemic  equations: — 

1.  Positives  combine  with  negatives,  and  negatives  with 
positives. 

2.  Only  whole  molecules  are  represented. 

3.  The  valence  of  atoms  and  radicals  must  be  fully  satisfied. 

4.  It  is  customary  to  indicate  the  ppt.  (if  any)  by  under- 
lining its  formula. 

Chemic  equations  are  used  to  represent  three  general  kinds 
of  reaction : — 

1.  Simple  union  of  elements  or  compounds : — 

Hg  +  CI2  =  2HC1 
CaO  +  CO2  =  CaC03 

2.  Decomposition  of  a  complex  molecule  into  simpler  ones : — 

CaCOa  =  CaO  +  CO2 

3.  Mutual  reaction  between  two  or  more  molecules  (double 
decomposition),  with  interchange  (metathesis)  of  atoms  or 
radicals  * 

*  2KI  +  HgCl2  =  Hgig  +  2KC1 

This  class  is  by  far  the  most  common. 

In  chemic  reactions  of  combination  there  is  contraction ;  of 
decomposition,  expansion.  In  reactions  of  substitution  or  double 
decomposition,  the  volume  in  a  gaseous  state  remains  constant. 
The  law  of  Avogadro  was  further  established  by  Gerhardt,  show- 
ing that  gases  combine  in  equal  volumes,  or  that  the  reaction  of 
equal  volumes  of  gases  precedes  all  others.  The  action  between 
reacting  substances  is  equivalent  to  the  product  of  their  masses. 

STOECHIOHETBT. 

Since  the  molecular  weight  of  any  compound  denotes  a 
definite  amount,  it  is  easy  to  compute,  by  simple  proportion, 
the  exact  percentage  of  any  of  the  component  elements.  Again, 
in  a  similar  manner,  we  can  readily  determine  from  the  weight 
given  of  any  of  the  members  of  an  equation  the  weight  re(|uired 
of  any  other  member.  The  proportion  should  be  first  stated  with 
formulas.  Thus,  let  it  be  required  to  find  how  niiicli  zinc  ox  id 
can  be  obtained  from  100  gm.  of  zinc: — 

Zn  :  ZnO  :  :  100  :  x 
65  :  81  :  :  100  :  X 

Answer  is  124%3  gm. 

Such  calculations  are  of  immense  importance  in  manufac- 
turing chemistry.  The  brancli  of  the  science  that  thoy  constitute 
is  known  as  stoechiometry.  The  unit  of  weiglit  for  gases  is  tin* 
crith  (0.0899  gm.),  the  weiglit  of  a  liter  of  II  in  a  vacuum  at  0° 
and  T60  mm.  pressure.  Of  any  normal  gas,  11.2  liters  weigh  as 
many  grams  as  is  equal  to  the  combining  weight. 
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THE  FEBIODIC  LAW. 

The  most  satisfactory  clasaiiication  of  the  elemonta  is  thai 
of  Slendelejeff,  which  is  based  iipon  the  atomic  weights.  He 
observed  that  the  first  Beven  elements  after  H  were  representative 
of  as  many' groups  of  similar  elements.  Each  of  these  is  put 
at  the  head  of  a.  vertic  column,  inclosing  the  elements  which  it 
resembles.  The  lateral  rows,  or  series,  or  small  periods,  two  of 
which  make  a  large  period,  run  in  the  orders  of  the  atomic 
weights,  with  »  few  breaks  here  and  there.  It  will  be  noted  that 
alternate  numbers  of  the  same  group  resemble  each  other  more 
than  do  adjacent  numbers.  With  the  aid  of  this  table  its  author 
predicted  the  properiJes  of  Ga,  Ge,  and  Sc  while  these  elements 
were  still  undiscovered.  Doubtless  the  other  vacant  places  will 
be  filled  in  time.  Group  VIII  is  made  to  include  a  number  of 
intermediate  elements  which  may  later  be  arranged  in  a  set  of 
groups. 

QUESTIOHS  on  TEEOEETIC  CH£UISTBT, 
I.  Name  and   give  sjmboln  of   ten   etemetits   whose   names  begin 
Z.  Name  five  etemenU  which  have  both  an  English  and  a  Latin 

3.  Name  a  liquid  element 

4.  Peroxid  of  tijdrogen  gives  off  atomic  0.     Is  this  more  or  less 
■ftive  tlian  the  atmospheric  01 

5.  Why  does  NaCl  dialyze  more  readily  than  CgGEaoOao' 
S.  What  is  tile  densi^  of  As  in  the  gaseous  statel 

7.  Why  is  density  always  one-half  the  molecular  weightl 

8.  Cakulat«  from  the  table  the  molecular  weight  of  H^SO^,  avoid- 
isg  fractions  and  using  the  nearest  whole  numbers. 

9.  What  is  the  most  important  distinction  between  metals  and 
metalloids  T 

10.  Which  is  likelj'  to  be  more  stable:  a  impound  of  0  and  N  or 
raw  of  O  and  AsT 

11.  \Yhtt  element  is  the  anit  of.  valence,  atomic  and  molecular 
weight,  and  density! 

12.  niiy  does  O  enter  Into  more  chemic  combinations  than  any 
other  element! 

13.  Name  a  monad,  a  diad,  a  triad,  a  tetrad,  a  pentad,  a  hexad,  a 
Jwfitail,  and  an  octad. 

14.  What  element  has  the  highest  atomic  weight,  and  how  much 
b  It! 

15.  Why  should  we  expect  P  rather  than  Hg  to  show  allolropie 

18.  Why  do  elements  combine  in  simple  proportions! 

17.  Give  reasons  for  the  law  of  even  numbers. 

18.  Write   formulas   of   potassium    iodid,   calcium   oxid,   mercuric 
[tfalorid,  carbon  dioxid,  and  sulphur  trioxid. 

!•.  What  is  the  valence  of  the  radical  SiO^,  and  why! 

20.  Write  formula  of  ferric  ferrocyanid;    of  ferrous  ferricyanid. 

21.  Write  graphic  formulas  of  some  acid,  base,  and  salt. 

22.  Name;    FeilPaOrlsi     (BiOjNOj;    Na2B40T;    HCTHnO^. 
2S.  Write  graphic  formulas  of  ferric  chlorid,  mercurous  iodid.  and 

Vnaaguiie  milpliAte. 
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24.  Translate  "protiodid  of  mercury,  sesquichlorid  of  iron,  and  ter- 
sulpliate  of  iron"  into  modern  chemic  nomenclature. 

25.  Name  and  give  basic  formula  of  a  monobasic,  dibasic,  iribasic, 
and  tetrabasic  avid. 

26.  !Namc  a  diacid  base. 

27.  What  two  elements  are  present  both  in  bases  and  in  oxyacids, 
and  in  what  way  as  ri^giirds  composition  do  these  two  classes  difTer? 

28.  What  substance  is  alwa^  s  formed  when  an  acid  and  a  base  are 
brought  together? 

29.  Mention  and  give  formulas  of  five  salts,  each  formed  in  a  dif- 
ferent way. 

30.  Name  an  acid  salt  which  is  alkaline  in  reaction. 

31.  W^rite  equation  for  reaction  between  CaS04  and  Na2C03. 

32.  Find  percentage  by  weight  of  O  in  H2O. 

33.  Find  percentage  by  weight  of  Ca  in  CaCOa. 

34.  What  percentage  by  weight  of  CO2  gas  is  given  off  on  burning 
limestone  (CaCOs)  T 

36.  How  much  AgSO^  can  be  made  from  108  grams  of  silver? 

36.  How  much  NaCl  is  required  to  make  r>00  gm.  of  HCIT     (2NaCl 
+  lloS04  =  2HCl  4-  Na2fc>04.) 

37.  Wliat  is  the  volume  of  a  kg.  of  H  at  standard  temperature  and 
pressure  ? 

38.  CalculaU^  the  percentage  composition  of  potassium  nitrate. 

39.  What  is  the  weight  of  a  liter  of  0? 

40.  \Miat  weight  of  NallO  is  required  to  neutralize  a  mg.  of  HCl? 

41.  Write  equation  for  reaction  between  NaNOa  and  H2SO4. 

42.  Write  equation  for  reaction  between  NaHS04  and  large  excess 

of  HNO3. 

43.  How  do  acids  and  bases  neutralize  each  other? 

44.  How  many  electrons  should  the  atom  of  radium  comprise? 

45.  Whv  does  steam  saturated  with  limewater  break  down  false 
membranes  when  inhaled? 

40.  In  tlie  clcitrolvfiis  of  CuO,  how  many  times  as  much  Ou  as 
of  O,  by  we i gilt,  are  set  free? 

47.  If  tho  skeleton  of  a  man  weighs  24  pounds,  and  contains  68 
per  cent,  of  Ca.'>(P04)2.  how  much  P  is  present? 

48.  Give  formula  for  ohlorosion,  nitranion,  hydroxidion,  hydrion. 

49.  How  does   adding  HCl   to  a  saturated  solution  of  NaCl  ppt. 
sonic  of  tlie  latter  salt? 
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MXTAIS. 


These  are  solid  substances  (except  mercury  and  hydrogen), 
electropositive,  and  good  conductors  of  heat  and  electricity. 
Their  oxids  form  bases  with  H2O. 


DISCOVERY  AND  DEKIVATION. 

Au,  Ag,  Hg,  Sn,  Cu,  Zn,  Pb,  and  Fe  were  known  to  the 
ancients.  The  corresponding  Latin  names  from  whicli  the 
8}7nbols  were  derived  are  aurum  (color  of  fire),  argentum 
(white),  hydrargyrum  (liquid  silver),  stannum  (stone),  cuprum 
(island  of  Cyprus),  zincum  (German,  zinn  or  tin),  plumbum 
(heavy),  and  fernim.  Antimony  (from  anti  and  moine,  because 
some  monks  were  poisoned  with  it;  stibi  is  the  Greek  name  for 
native  sulphid)  and  bismuth  (German  wismuih,  meaning  varie- 
gated tints)  were  discovered  in  the  latter  part  of  the  fifteenth 
century.  Arsenic  (male  or  strong)  was  discovered  by  Schroder 
in  1694;  cobalt  (mine-demon)  by  Brandt  in  1733;  platinum 
(little  silver)  by  Wood  in  1741;  nickel  (worthless)  by  Cronstadt 
in  1751 ;  manganese  (confounded  with  Mg)  by  Galm  in  1774 ; 
molybdenum  (Greek  for  lead)  by  Hjelm  in  1782;  and  chromium 
(color)  by  Vanquelin  in  1797.  Humphry  Davy  in  1807  and 
1808  first  separated  K,  Na,  Ca,  Ba,  Sr,  and  Mg  from  their  oxid?. 
The  first  element  is  so  called  from  potash,  and  its  symbol  is 
derived  from  kali,  the  Arabic  word  for  ashes.  Sodium  refers  to 
soda-ash ;  natrium  to  natron,  the  old  name  for  natural  deposits 
of  Na2C03.  Calx  is  the  Latin  name  for  lime,  or  CaO.  Barium 
is  of  Greek  origin,  and  means  heavy.  Strontium  is  named  after 
the  Scottisli  village  Strontian,  where  SrCOs  was  first  found. 
Magnesium  derives  its  name  from  Magnesia  in  Asia  Minor. 
Cadmium  (from  calamine)  was  isolated  by  Stromeyer  in  1817; 
lithium  (stone)  by  Arfvedsen  in  1817;  and  aluminum  (from 
alum )  bv  Wohler  in  1828. 

Many  metals  have  been  named  after  persons,  places,  and 
deities:  for  example,  cerium  after  the  goddess  Ceres;  oolumbium 
or  niobium  after  Columbia  and  Niobe;  gadolinium  after  John 
Gado]in;  gallium  from  Gaul;  germanium  from  Germany; 
masrium  from  the  Arabic  name  of  E<rypt;  palladium  after 
Pallas;  ruthenium  from  the  Latin  name  of  Russia;  scandium 
after  Scandinavia;  polonium  after  Poland;  tantalum  aftor  Tan- 
talus; terbium^  ytterbium^  and  yttrium  after  Ytterby  in  Sweden ; 
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thorium  after  Thor;  thulium  after  Thule;  titanium  after  the 
Titans;  uranium  after  the  planet  Uranus;  and  vanadium  after 
the  Scandinavian  goddess  Vanadis  (Freya).  Some  are  named 
after  the  color-lines  seen  in  the  spectroscope,  as  cesium,  bright 
blue;  indium,  indigo;  rubidium,  red;  thallium,  green.  Others 
take  their  names  from  some  physic  properties  of  the  metal  or  its 
salts:  e.g,,  glucinum,  sweet;  iridium,  rainbow;  rhodium,  rosy; 
lanthanum,  unseen;  osmium,  odor;  samarium,  samarskite; 
tellurium,  earth ;  tungsten,  from  the  Swedish,  meaning  weighty 
stone;  wolfram,  meaning  wolf-cream;  and  zirconium,  jargon. 
Ammonium  was  so  called  after  Jupiter  Ammon,  near  whose 
temple  in  Libya  the  Arabs  of  the  desert  long  ago  made  NH4CI  by 
distilling  camels'  dung  as  a  substitute  for  common  salt.  Praseo- 
d}Tnium  (garlic)  and  neodymium  (new)  are  derived  from 
didymium  (double),  which  was  formerly  believed  to  be  an  ele- 
ment, but  is  really  a  mixture  of  the  two  metals  first  mentioned. 
Radium  shines  of  itself,  hence  the  name.  It  was  discovered  in 
1898  by  Mme.  Curie. 

ORDINABT  SOURCES  OF  HETALS  IN  NATUBE. 

^  Gold:    river-beds  and  rock  veins;    always  free  except  as 

tellurid;    always  contains  Ag. 
Platinum  and  Pd,  Rh,  Ir,  Ru,  and  Os:     river-beds.     Ir 

often  with  Au. 
Biamuth :     also  as  oxid  and  sulphid. 
Silver:   also  as  sulphid,  chlorid,  and  tellurid,  and  as  silver 

amalgam. 
Mercury:     minute,  disReminated  globules,  with  sulphid. 
Copper:    cubes  and  octahedra;    usually  oxids,  sulphates, 

and  carbonates;    also  found  in  hulls  of  various  grains. 
Arsenic:     rarely  free  in  lamellar,  kidney-shaped  masses. 
Fe:     rarely  free  but  impure  in  meteorites,  lavas  and  basalt. 

COMBINATION. 

Light  Metals. — Sp.  gr.  below  4. 

The  Alkali  Metals, — On  account  of  the  ready  solubility  of 
tlieir  salts,  they  are  not  found  to  a  great  extent  as  ores,  and 
never  occur  in  a  free  state.  K  is  obtained  as  carbonate  from 
the  ashes  of  land-plants  (sugar-cane,  beet-root,  marc,  etc.)  ;  also 
from  tlie  double  chlorid  of  K  and  Mg  (camallite),  which  is 
extensively  mined  at  Stassfurt,  Germany.  K  compounds, 
especially  the  carbonate,  constitute,  by  weight,  about  ojie-third 
of  sheep's  wool,  and  are  essential  ingredients  of  all  the.  formed 
elements  of  the  human  body.  Na  is  very  abundant  as  the  chlorid 
and  the  sulphate  in  all  soils  and  natural  waters  and  in  atmos- 
pheric dust.  The  silicate  of  Na  is  present  in  the  tissues  of 
plants ;  the  chlorid,  phosphate,  and  carbonate  are  very  necessary 
ingredients  of  the  blood  and  its  secretions.  Li  salts  are  com- 
paratively rare.  They  are  found  in  mineral  springs  and  are  also 
obtained  from  the  ashes  of  the  beet  and  tobacco.     NHs  is  present 
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in  decaying  nitrogenoua  matter  generally:  e.g.,  in  bam-yard 
manure.  The  chief  commercial  sources  of  NITi  compounds  are 
the  guano-beda  of  South  America  and  the  aminoniacal  liquors 
obtained  as  a  by-product  from  coke-,  iron-,  and  gas-works.  Cs 
and  Rb  are  both  ?ery  rare  metals  and  of  no  present  practical 
importance. 

Alkaline  Earths  and  Mg. — These  occur  chiefly  as  sulphates, 
carbonates,  and  silicates.  Next  to  Al,  Ca  is  the  most  abundant 
terreetrial  metal,  being  present  in  all  soils  and  natural  waters, 
and  bence  in  the  tissues  and  juices  of  plants  and  animals.  Sr 
is  found  in  small  amounts  in  sea-water  and  sea-plants  {Fucvt 
ceticidoaus)  and  in  certain  mineral  springs,  as  well  as  in  ores. 
Ba  is  found  only  in  combination,  and  may  be  obtained  in  small 
quantities  from  the  ashes  of  sea-plants  and  of  some  trees,  par- 
licnlariy  the  beech.  The  metal  Mg  is  never  found  free.  In 
combination  it  is  widely  distributed,  usually  with  Ca.  Mg  salts 
are  present  in  plants  in  considerable  quantities, 

Aluminvm. — This  metal,  though  never  found  free,  is  the 
most  widely  distributed  in  the  earth's  crust,  making,  as  it  does, 
— in  the  form  of  silicates,  oxids,  hydrates,  and  fluorids,— the 
great  mass  of  common  rocks,  which  in  their  natural  decomposi- 
tion turn  into  clay.  Every  brick  has  nearly  a  pound  of  Al  in  it. 
Ga,  In  and  Sc  belong  to  the  aluminum  group. 

Heavy  Hetala. — Sp.  gr.  above  4. 

Sulphide  Chiefly.— Ab,  Sb,  Co,  Ni,  Cd,  Mo,  Hg,  Pb,  and  Cu. 

Oxids  Chieflp.—Sa,  Mn,  and  Cr. 

Sulphid  and  Chlorid. — Ag, 

Sulpliids,  Oxids,  and  Carbonates.— Fe  and  Zn. 

Mettoric  Rocks.— Fe  and  Ni. 

Common  Aissociations. — Co  and  Ni;  Fe  and  Mn;  Cd  and 
Zn ;  Ag  and  Pb ;  Ca  and  Mg.  Co  and  Ni  are  obtained  almost 
entirely  from  mines  in  Ontario  and  New  Caledonia. 

The  color  of  ordinary  rocks  and  soils  (from  decomposition 
of  silicate  to  osid)  is  due  to  iron  as  is  the  color  of  blood  and 
gTcen  plants.  Fe  is  ne.\t  in  abundance  to  Ca.  Cu  is  widely 
distributed  in  nature,  there  being  traces  in  plants  and  animals; 
a  person  takes  in  daily  about  1  mg. 

Uranium  and  the  radioactive  metals,  radium,  actinium  and 
polonium,  are  obtained  from  pitchblende,  ten  tons  of  the  latter 
yielding  about  one  gram  of  Ra.  This  metal  is  always  present  in 
minerals  containing  V  or  Th. 

EXTEACTIOK  OF  METAIB. 

EleotralTiii. — From  fused  chlorids  usually;  Al  (from 
bauxite);  alkali  metals  and  alkaline  earths;  Mg  (from  car- 
nnllite).  In  the  Hall  jnethod  of  extracting  Al  by  electrolysis, 
iron  boxes  lined  with  carbon  (cathode)  are  usecl,  along  with 
carbon  cylinders  (anode),  in  connection  with  a  solvent  bath  of 
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melted  fluorids  of  AI,  Na  and  Ca,  the  heat  generated  by  the 
electric  current  being  sufficient  to  maintain  fusion.  Alumina  is 
added  from  time  to  time  as  resistance  is  shown  to  increase  by 
means  of  incandescent  lamps.  Pure  Cu,  crystal  Au,  and  other 
metals  are  obtained  by  electrolysis  by  suspending  plates  of  the 
same  metals  in  solutions  of  their  salts. 

Decompositian  with  metallic  Na  or  K;  weaker  metals  driven 
from  their  combinations ;  Mg,  Al,  Ca,  Ba,  Sr,  U.  Powdered  Al 
is  used  in  the  reduction  of  metals  having  a  high  fusing-point. 

Boasting,  usually  with  sulphids  or  oxids,  and  reduction  with 
charcoal,  lime,  or  iron  slag. 

Lead,—FhS  +  2PbO  =  3Pb  +  SOg.  PbS  +  PbS04  = 
2Pb  +  2S0o. 

Another  method  is  to  roast  the  ore  to  form  oxid,  then 
combine  with  silica,  and  reduce  this  silicate  in  a  blast  furnace 
with  reduced  iron-ore. 

Mercury, — HgS  +  00  =  Hg  -\-  SO2.  Iron  is  sometimes 
added.  Collect  under  1120,  strain  through  linen  or  chamois  and 
distill.  It  is  better  purified  by  shaking  with  dilute  H2SO4  con- 
taining a  few  drops  of  solution  of  K2Cr207,  causing  oxidation 
and  solution  of  contaminating  metals. 

Copper.— 2CU2O  +  CU2S  =  3Cu2  +  SOg.  Ore  is  fused 
with  a  siliceous  flux,  sometimes  containing  CaF2.  The  resulting 
"blister  copper"  contains  some  CU2O,  which  is  removed  by  fusing 
with  coal  and  stirring,  or  by  electrolysis.  Fe  immersed  in  a 
solution  of  CuSO^  yields  Cu  and  FeS04 — a  reaction  of  substitu- 
tion. 

Zinc. — Charcoal  reduction  and  distillation. 

Cadmium. — Can  be  separated  by  means  of  Zn  in  dendritic 
form  from  acid  solutions. 

Antimony. — Charcoal  reduction  or  by  heating  with  half  its 
weight  of  Fe. 

Arsenic. — Charcoal  reduction. 

Manganese. — From  carbonate  or  oxid. 

Chromium. — From  oxids  with  charcoal. 

Tin. — From  oxids. 

Nickel. — Resulting  "speiss"  is  dissolved  in  HCl,  pptd.  with 
H2C2O4,  and  reduced  with  lime  and  carbon. 

Cobalt. — Same  as  for  Ni. 

Bismuth. — Fused  (after  roasting)  with  slag,  iron,  and  char- 
coal.    Melted  mass  settles  in  two  layers;  the  lower  contains  Bi. 

Alkali  Metals. — Old  method  =  charcoal  reduction  of  car- 
bonate, distilling  metal  and  passing  through  naphtha. 

Fractional  Distillation. — Cadmium. — Separated  from  zinc. 

Zinc. — Oxid  or  carbonate  reduced  with  charcoal  in  iron 
retorts,  and  liberated  metal  distilled  over. 

Mercury. — When  cinnabar  is  heated  with  lime  the  metal 
Hg  volatilizes.  It  can  be  refined  by  redistillation  (Zn  and  Bi 
also  pass  over),  and  on  a  small  scale  by  pouring  the  dirty  metal 
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through  a  filter-paper  having  a  small  pin-prick  at  the  bottom — 
after  shaking  with  fine  sugar  in  a  bottle,  blowing  in  air.  several 
times  with  a  bellows. 

Magnesium. — Purified  and  rendered  homogeneous  by  dis- 
tilling. 

Snblimation. — Arsenic  from  mispickel  or  white  arsenic. 

Bednction  of  heated  ore  with  H :  Much  employed  in  labora- 
tory, but  not  on  a  large  scale.  Reduced  iron  is  obtained  this 
way. 

FeoOs  +  3H2  =  3H2O  +  Fe2 

The  most  modem  and  powerful  method  of  reduction  (elec- 
tric furnaces)  consists  in  using  the  intense  lieat  of  a  current  of 
electricity  from  a  dynamo  through  a  conductor  of  great  resistance 
in  the  presence  of  carbon.  Al  is  now  produced  from  corundum 
in  this  way.  The  best  quality  of  iron  is  prepared  in  the  electric 
furnace.  Some  refractory  metals  are  extracted  in  a  very  pure 
state  by  distillation  in  the  electric  furnace,  condensing  upon  a 
tube  of  running  water  which  passes  through  the  furnace. 

Special  Methods. — Silver. — The  mode  of  separating  Ag  from 
its  ores  varies  with  the  particular  combination.  There  are  ^\e 
main  processes  employed.  1.  The  electrolytic  method  is  applied 
to  ores  alloyed  with  Cu  or  CuO.  2.  In  the  amalgamation  proc- 
ess, as  practiced  in  the  United  States  (Washoe  process),  the 
silver  ore  is  ground  with  Hg,  common  salt,  and  CUSO4  (and 
sometimes  2  per  cent.  Xa  to  prevent  "flouring  or  sickening"  of 
the  Hg).  After  straining  the  Ag  amalgam,  the  quicksilver  is 
separated  by  distillation,  leaving  a  residue  of  Ag.  3.  Wet 
extraction  is  accomplished  by  roasting  ores  containing  AgS,  Cu, 
and  Fe  at  such  a  temperature  as  to  form  the  oxids  of  Cu  and  Fe 
and  the  sulphate  of  Ag.  The  latter  salt  is  separated  from  the 
insoluble  oxids  by  lixiviation  with  H2O,  and  is  then  pptd.  with 
metallic  Cu.  Or  common  salt  is  added  to  the  ore  before  roast- 
ing, forming  AgCl,  which  is  dissolved  out  from  the  other  matters 
with  Xa2S203,  pptd.  with  NaoS  as  a  sulphid,  and  finally  reduced 
by  intense  heat  and  a  current  of  air.  4.  The  cupellation  process 
is  probably  the  most  ancient.  It  is  applied  to  argentiferous  load 
ores,  which  are  roasted  in  a  reverberatory  or  blast  furnace.  The 
lead  is  largely  oxidized  and  skimmed  off.  When  Pb  is  in  great 
excess,  as  is  generally  the  case,  it  must  first  be  partly  removed  by 
melting  (Pb  fuses  at  32G**,  Ag  at  954°)  and  fractional  crystal- 
lization on  cooling  (Pattinson's  process)  ;  or  by  alloying  the 
melted  ore  with  18  parts  Zn  to  1  of  Ag,  then  oxidizing  the  Zn 
and  washing  the  oxid  away  with  HoO.  5.  The  rather  recent 
cyanid  process  depends  on  the  solubility  of  Ag  in  the  alkaline 
cyanids.  Ag,  obtained  by  any  of  these  methods,  is  rendered 
chemically  pure  by  dissolving  in  TINO.v,  pptg.  with  H(1,  and 
reducing  the  resulting  chlorid  with  NaoCO.},  in  a  crucible  coated 
with  a  hot  saturated  solution  of  borax. 
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The  fire  assay  for  silver  depends  upon  the  fact  that  any 
compound  of  Ag  will,  in  the  presence  of  PbO,  be  converted  into 
metallic  Ag  and  the  corresponding  Pb  compound  (more  volatile 
than  that  of  Ag) .  The  "test  lead'*  used  in  scorification  is  in  the 
form  of  fine  shot.  The  resulting  buttons  must  be  cupelled  to 
separate  Pb  from  Au  and  Ag. 

Commercial  Ag  usually  contains  Cu.  Gold  can  be  separated 
from  silver  by  passing  CI  gas  through  the  molten  alloy  until 
oranpe-colored  fumes  begin  to  rise.  AgCl  is  reduced  by  placing 
between  two  iron  plates  and  immersing  in  water  acidulated  with 
H2SO4  for  a  few  hours. 

Ag  is  not  completely  parted  from  Au  unless  the  proportion 
of  these  is  3  to  1,  respectively.  The  button  to  be  parted  should  be 
hammered  fiat,  put  in  a  parting  flaslf,  then  covered  with  HNO3, 
pp.  gr.  1.20  (equal  volumes  water  and  concentrated  acid).  The 
flask  is  heated  until  brown  fumes  cease  to  appear.  The  liquid  is 
poured  off  and  the  button  covered  with  HNO3  and  boiled  again. 
The  residue  of  Au  will  be  in  powder  form  if  the  Ag  was  in 
oxcops  of  threefold  the  gold. 

Iron. — This  metal  is  extracted  from  oxids  and  carbonates 
by  reducing  with  alternate  layers  of  coal  and  limestone  in  a 
double,  conic,  fire-clay  blast  furnace.  The  limestone  combines 
with  the  silica  of  the  ore  to  form  a  fusible  glass  (cinder  or  slag). 
COo  is  produced  at  the  bottom  of  the  furnace,  while  the  CO 
formed  in  the  body  of  the  furnace  acts  as  a  reducing  agent. 
The  resulting  molten  Fe  takes  up  some  C  as  it  sinks  to  the 
bottom,  where  it  is  run  off  into  molds  as  cast-  or  pig-iron.  It 
contains  3  to  fi  per  cent.  C,  a  little  Si,  and  traces  of  S,  P,  and 
Mn.  Wrought  Fc  is  nearly  the  pure  metal,  containing  less  than 
Yo  of  1  per  cent.  C.  It  is  made  from  cast  Fe  by  a  process  of 
thorough  oxidation  termed  puddling,  conducted  in  a  blast  furnace 
with  constant  stirring. 

Wrought  iron  is  rendered  weak  and  brittle  when  cold  ("cold 
short'')  by  P — when  hot  ("red  short")  by  S.  Steel  contains 
from  0.8  to  1.5  per  cent.  C.  It  is  made  nowadays  chiefly  by  the 
Bessemer  process,  consisting  essentially  of  the  addition  to  molten 
wrought  Fe  of  a  certain  proportion  of  spiegeleisen,  or  ferroman- 
ganese,  which  is  a  mixture  of  white  cast  Fe  with  about  7  per  cent. 
Mn.  The  Bessemer  converter  is  egg-shaped  and  is  made  of 
wrou«j[lit  iron  lined  with  gannister  (a  siliceous  rock).  The  open- 
hearth  process  is  similar,  except  that  it  is  performed  on  the 
hearths  of  reverberatory  furnaces.  The  requisite  amount  of  C  is 
obtained  by  adding  ferromanganese  or  by  filtering  over  carbon 
filters.  Cement  or  cnicible  steel  is  made  by  carbonizing  in  fur- 
naces wrought  Fe  packed  in  charcoal  and  siliceous  material.  The 
resulting  ^'blister  steeF'  is  melted  in  crucibles  and  cast  in  small 
ingots.  Ilarvcyized  steel,  employed  for  armor  plate,  is  prepared 
by  heating  steel  to  the  f.p.  of  cast  iron,  then  tightly  packing  with 
carbon  imtil  it  has  taken  up  about  1  per  cent,  of  this,  then,  cooling 
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in  water.  St«el  is  readily  diBtingnished  from  iron  by  the  dark 
stain  (carbon)  brought  nut  on  the  former  by  a  drop  of  HNO3, 
Qold.—Theie  are  four  main  processea  of  extraction:  1. 
Racer  mining  (panning,  cradling,  hydraulic  mining),  in  which 
the  An  ia  separated  from  sand  and  earth  by  washing  through 
troughs  which  contain  Hg  in  hollows  or  on  Cu  plates  to  catch  the 
gold  in  its  downward  passage.  The  Au  and  Hg  are  parted  by 
dimming  in  a  retort.  2.  Stamping  quartz  to  a  fine  powder  and 
then  washing  away  the  lighter  earthy  matter.  3.  The  CI  process 
for  pyritic  ores,  which  compriees  the  following  steps :   Roasting, 


miiing  with  IIoO,  and  saturating  with  CI  for  twelve  hours  to 
form  AuClg,  which  is  pptd.  from  solution  hy  adding  oxalic  acid 
or  FeSO^,  as  a  fine  hrown  powder  (spongy  or  crystalline  gold). 
Shredded  gold  is  made  by  slightly  heatiog  an  acid  sohition  of 
AnCls,  adding  an  aqueous  solution  of  sugar  or  gum  arahic,  and 
removing  the  web-like  masses  quickly  with  a  glass  dipper.  4. 
The  cyanid  process  depends  on  the  solubility  of  tlie  metal  Au  in 
Bolotions  of  the  alkaline  cjanids.  4Aw  +  SKCN  +  O2  +  2H2O 
=  4KAn(CN)«  +  4K0H.  From  this  solution  the  gold  is  pptd. 
with  zinc:  2KAu(CN)3  +  Zn  =  SKCN,  Zn(CN)2  +  2Au. 

Au  is  separated  from  Ag  by  electrolysis  or  by  dissolving  out 
the  latter  with  HNO3  or  HaSOi,  If  necessary,  before  "parting," 
enough  Ag  must  be  added  to  make  about  3  to  1  of  Au:  a  pro- 
cvdnre  known   as  quartation.     Cu   is  separated   with   njS04. 


108  INORGANIC  CHEMISTRY. 

IloSO.t  ppts.  gold  in  scales.  Gold  is  purified  (as  from  Ir)  by 
dissolving  in  nitrohydrochloric  acid  and  precipitating  with 
FeCU.  The  cornigated  non-cohesive  Au  used  by  dentists  is  said 
to  be  prepared  by  tightly  packing  sheets  of  Au  between  leaves  of 
unsized  paper  in  Fe  boxes,  and  then  heating  sufficiently  high  to 
carbonize  the  paper. 

Platinum, — Devillo's  method  of  extraction  consists  in  melt- 
ing the  ore  with  an  equal  weight  of  PbS  and  half  as  much  Pb, 
wliich  take  away  the  Pt  from  the  other  metals.  This  alloy  is 
then  fused  with  access  of  air;  the  Pb  is  oxidized  and  flows  off 
as  a  slag,  leaving  Pt  as  a  spongy  mass.  This  is  now  melted  in 
a  lime-furnace  by  means  of  the  oxyhydrogen-blast  lamp,  and 
poured  into  molds.  Pt  black  is  prepared  by  dissolving  the  metal 
in  aqua  regia,  evaporating  excess  of  acid,  then  boiling  with  a 
strong  solution  of  XHO  and  adding  grape-sugar.  Spongy  Pt 
is  prepared  by  heating  the  yellow  crystalline  ppt.  obtained  by 
adding  NII4CI  to  Pt  solutions. 

Ammomum. — Free  Nn4  can  be  prepared  by  heating  Na  in 
a  sealed  tube  with  Nlla  and  then  heating  this  product  with 
NII4CI  in  another  sealed  tube.  NaCl  is  formed,  and  also  a 
dark-blue  lustrous  liquid,  which  soon  decomposes  into  H  and 
NH3. 

Granulated  Mdals. — Zinc  and  other  granulated  metals  are 
prepared  simply  by  melting  and  pouring  into  H2O.  Zn  becomes 
brittle  when  melted  several  times,  owing  to  formation  of  ZnO 
and  contamination  with  the  Fe  of  the  ladle.  It  can  be  purified 
by  throwing  on  the  molten  metal  some  dry  NH4CI.  Thick  and 
earthy  Zn  or  Pb  can  also  be  deoxidized  with  beeswax. 

PHYSIC  PROPERTIES  OF  HETALS. 

All  are  solid  at  ordinary  temperatures,  except  NH4  and 
ITg,  which  solidifies  at  —  39.4°  and  boils  at  357H^  It  is  volatile 
above  5°.  IT  is  somc^times  considered  a  gaseous  metal.  Metals 
are  electro-positive  and  oi)aque,  except  in  very  thin  sheets. 
Nearly  all  are  scotile :  i.e.,  can  be  cut  without  crumbling.  Metals 
occurring  free  in  Nature  are  generally  crystalline,  and  all  prob- 
ably cnn  be  made  to  crystallize,  cubes  and  octahedra  being  the 
prevailing  types.  Nearly  all  metals  can  be  deposited  from  their 
solutioTis  in  ])ure  crystals  by  a  weak  electric  current. 

AMicn  unoxidized,  they  present  a  shining  appearance,  called 
metallic  luster,  and  are  capable  of  being  polished.  When  broken, 
the  surface  of  steel  shows  a  grnnular  fracture;  wrought  iron, 
fibrous;  Cu,  silky;  grain-tin,  columnar ;  As,  conchoidal ;  Zn,  Sb 
or  Bi,  crystalline.  '^J'o  obtain  the  dull  finish  of  Al,  it  is 
immersed  in  soda  lye,  then  washed  and  placed  in  dilute  HNO3. 

Experiment. — Prooure  a  deposit  of  crj'stalg  of  Ag  by  immersing  a 

strip  of  Cu  ill  AgNO.-.  solution. 

Nearly  all  metals  are  more  or  less  white  in  color,  often  with 
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a  gray  or  blue  tinge.  Finely  powdered  metals  often  lack  metallic 
luster.  The  alkaline  earthy  metals  are  yellowish.  Gold  is  yellow 
(brown  in  powder) ;  Cu  red;  powdered  As,  Sb,  Ag,  Pt,  and  Fe 
black  (pure  Fe  is  silver-white).  Bi  and  Co  are  white  with  a 
pink  tinge.  Thin  leaves  of  Au  and  Cu  appear  green  or  purple 
by  transmitted  light,  and  molten  Au  is  bluish-green  in  color. 
Cast  iron  is  white  (rapidly  cooled),  or  gray  (slowly  cooled), 
according  as  the  union  of  Fe  with  graphite  is  chemic  or  physic. 
Heated  Cu  and  freshly-tempered  steel  exhibit  a  rainbow  of  colors. 
As  and  Sb  are  characterized  by  a  garlicky  odor,  brought  out  on 
heating.  Fe,  Cu,  and  Zn  also  yield  an  odor  on  heating.  Cu  has 
the  most  decided  metallic  taste. 

In  sp.  gr.  mebils  vary  from  Li  (0.59)  to  Os  (22.47).  The 
common  alkali  metals  are  lighter  than  H2O ;  Mg  and  Ca  about 
1%  times  as  heavy;  Al  and  Sr,  2%  times;  and  Ba,  3%.  These 
are  termed  the  light  metals.  The  remainder  have  a  sp.  gr.  above 
6  (see  table)  and  are  called  heavy  metals.  The  sp.  gr.  of  Fe  is 
less  the  more  C  it  contains:  wrought  iron,  7.8;  steel,  7.6  to  8; 
cast  iron,  7.1.  Cast  metals  are  a  little  lighter  than  the  same  in 
wire  or  wrought. 

Experiment. — Float  a  piece  of  Fe  on  Hg. 

In  hardness  metals  vary  greatly.  The  alkali  metals  are  waxy 
and  are  easily  cut  with  a  knife.  Of  common  every-day  metals 
Pb  is  softest,  and  hence  is  often  taken  as  the  unit  of  hardness 
(see  table).  It  cuts  readily,  and  when  rubbed  on  a  piece  of 
white  paper  leaves  a  gray  streak.  Sn  can  also  be  scratched  with 
the  finger-nail.  Fe  and  Cu  are  2.4  times  as  hard  as  Pb,  and  Ni 
2.5  times  as  hard,  being  the  hardest  common  metal.  Ir  is  the 
hardest  metal  and  scratches  the  best  steel.  Au  and  Ag  are  too 
soft  alone  for  commercial  use;  hence  they  are  alloyed,  the  former 
with  Air  (pale  or  green  gold)  or  Cu  (red  gold),  the  latter  with 
Cu.  Au  is  also  tou<]:hened  by  fusing  with  a  flux  of  1  part  each 
charcoal  and  NH4CI  added  to  the  gold  just  before  melting. 
Dental  instruments  of  steel  can  be  hardened  by  coating  with  soap 
(to  prevent  oxidation  and  scaling),  then  heating  to  full  redness 
and  dipping  into  cold  water.  If  allowed  to  cool  slowly,  they 
become  soft.  Case-hardening  for  gun-locks,  etc.,  is  accomplished 
by  heating  the  iron  object  in  some  substance  rich  in  C  (bone 
dust,  K4FeCyf,),  then  cooling  in  water.  The  inner  body  retains 
its  toughness. 

Aside  from  Hg,  the  lowest  f.p.  is  that  of  Ga  (30**),  and 
next  to  this  come  Eb  (38.5°),  K  (62.5°),  and  Na  (95.6**).  Also 
fusible  below  a  red  heat  are  Li,  Sn,  Bi,  Cd,  Pb,  Zn,  Mg  and  Sb. 
IMetnls  of  the  alkali  earths  melt  at  a  red  heat.  Ag,  Cu,  and  Au 
require  a  bright-red  or  white  heat  to  melt  them.  The  f.p.  of  Fe 
varies  inversely  with  the  percentage  of  C  it  contains.  That  of 
cast  Fe  is  about  1200°;  steel,  1400°;  wrought  Fe,  1600**;  Ni, 
Co,  and  Pd  likewise  require  a  high  forge-heat  to  melt  them,  while 
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Cr,  U,  Mo,  and  W  do  not  melt  in  the  forge,  but  agglomerate. 
Pt  (1775),  Ce,  Ir,  Ti,  Rt,  Ta,  Ru  and  Os  are  infusible  in  the 
ordinary  blast  furnace,  but  are  melted  by  the  oxyhydrogen  blow- 

Sipe  and  can  be  diEtilled  by  means  of  the  electric  furnace.  Fe, 
li  and  Pt  become  semiliquid  or  paaty  on  heating  sufficiently, 
and  hence  can  be  welded.  Au  can  be  welded  cold.  Alloying 
with  other  metala  lowers  the  m.p.  Mg,  Zn,  and  metals  of  the 
alkalies  and  alkaline  earths  bum  easily-  Especially  volatile  on 
heating  are  As,  Hg,  Zn,  Cd.  K,  Na  and  Te.  At  a  red  heat  K  is 
couverted  into  a  blue-green  vapor.  The  vapor  of  Ae  and  Cu  has 
a  beautiful  green  color.  Gold 'vaporizes  at  furnace  beat,  giving 
a  greenish  color  to  the  flame.  Sb,  Cu  and  Bi  have  the  peculiar 
property  of  expanding  on  cooling.     Fe  contracts  on  fusion. 

As  shoftn  by  the  table,  each  metal  expands  at  a  definite  rate 
on  heating  a  given  number  of  degrees.  Metals  as  a  class  are 
good  conductors.  Elevation  of  temperature  reduces  conductivity- 
Ag  ranks  first  in  conducting-power,  both  for  heat  and  electricity, 
with  Cu  a  close  second.  Strange  to  say,  the  conductivity  of  Cu 
is  reduced  by  the  presence  in  it  of  a  little  Ag.  Bi  stands  at  the 
bottom  in  these  respects.  The  specific  heat  of  common  metals 
ranges  from  Bi  (0.0308)  to  Na  (0.2934).  Al  requires  about 
twice  as  long  to  reach  the  same  temperature  as  Fe, 

Szperlmeitt  to  Ulnstrate  Expansion. — Heat  a  ball  of  braaa,  which 
will  readily  pass  through  a  slightly  Urger  ring,  with  the  Bunsen  burner, 
knd  try  to  pass  it  aj^in  through  the  rini;. 

Expetiment  la  Illnatrate  Sclative  Electric  Condvctlrity. — A  chain 
nade  ot  alternate  links  of  Ag  and  Pt,  on  connecting  with  an  electric 
current  of  Bufficient  etrength,  shows  red-hot  Pt  links  between  coo]  Ag 
linka. 

In  tenacity  the  more  fibrous  metals  (Co,  Ni,  Fe,  Cu)  lead. 
Pb  ranks  very  low  in  this  property.  The  crystalline  metals  As, 
Sb,  Bi,  Mn,  and  Zn  are  noted  for  their  brittle  character.  The 
but  named  is  made  malleable  by  heating  to  120°-150° ;  it 
becomes  brittle  again  at  205°.  Heat  generally  diminishes 
tenacity. 

Wrought  Fe  is  the  softest  and  toughest  of  the  three  forms  of 
Fe.  It  is  quite  malleable  when  heated.  When  heated  steel  is 
cooled  rapidly  it  becomes  hard  and  brittle;  if  cooled  slowly  it 
retains  its  elasticity  as  well  as  hardness,  and  may  be  forged  and 
welded.  It  is  tempered  by  heating  to  230°  or  320°  and  cooling 
■lowly.  Fe  and  Au  increase  in  tenacity  at  100° ;  less  so  above 
this.  Au  is  first  and  Ag  second  in  malleability  and  ductUity. 
Tbeee  properties  of  Au  are  much  impaired  by  even  minute  traces 
of  Pb,  Bi,  or  Sb.  A  grain  of  Au  can  be  spread  out  to  cover  54 
square  inches,  and  has  been  drawn  into  a  wire  550  feet  long. 
Gnat  cold  renders  all  metals  more  brittle.  Annealing,  or  heat- 
ing and  cooling,  restores  the  normal  malleability  and  ductility 
lost  by  working.  The  toughness  of  gold  can  be  restored  by 
tbroviDg  a  small  quantity  of  HgGl2  on  the  molten  metal,  to 
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convert  metallic  impurities  into  volatile  chloride.  Pb  and  Zn 
are  removed  in  the  slag  after  melting  with  a  mixture  of  borax  and 
saltpeter.  Metals  are  generally  deficient  in  elasticity,  except 
steel.  The  addition  of  a  small  proportion  of  Ft  to  Au  greatly 
increases  the  elasticity  of  the  latter.  The  more  elastic  metals 
are  generally  sonorous.  Sn  and  Cd  crackle  ("cry")  when  bent, 
owing  probably  to  the  friction  of  their  crystals.  Metals  and 
their  alloys  tend  to  become  crystalline  on  percussion  and  other 
mechanic  forces. 

Fe  is  paramagnetic;  Mn,  Ni,  Cr,  and  Co  slightly  so.  Bi 
is  tlie  most  diamagnetic  metal.  Al  and  Mg  are  permeable  to  the 
X-rays.  Many  metals  in  the  molten  state  absorb  or  occlude  0, 
giving  it  off  again  on  cooling,  sometimes  with  "spitting'*  of  the 
metal.  Pt  black  (best  prepared  by  warming  PtCl2  with  an 
alcoholic  solution  of  KOH)  can  condense  800  times  its  own 
volume  of  0  within  its  pores.  Pd  on  boating  to  redness  in  a 
stream  of  H  absorbs  643  times  its  own  volume  of  the  gas. 

Metals,  like  the  metalloids,  sometimes  assume  different 
appearances  and  other  properties  or  allotropic  forms.  As,  for 
example,  has  a  steel-gray  crystalline  and  two  amorphous  (friable 
black  and  gray)  forms.  Ag  may  assume  a  white,  black,  blue, 
bluish -green,  red,  purple,  or  yellow  color.  These  forms  are 
obtained  chiefly  by  i)ptg.  Ag  from  solution  by  different  reducing 
agents.  They  themselves  act  as  reducers,  are  soluble  in  NH4OH, 
and  are  changed  to  AgCl  by  quite  dilute  HCl. 

^Metals  are  studied  microscopically  by  polishing,  then  etcli- 
infj  with  acids  (ITCl  in  alcohol  for  iron),  and  so  examined  by 
oblique  illumination.  Fe,  from  this  standpoint,  comprises  fer- 
rite  (pure  iron),  mart(»nsite  (hard  steel),  cemcntite  (FesC, 
white  cast-iron),  and  pearlite  (a  carboniferous  steel  of  constant 
composition,  a  complex  of  ferrite  and  cementite). 

l^adium,  actinium  and  polonium  are  more  than  a  million 
tiines  as  radioactive  as  is  uranium,  which  is  used  as  a  standard 
of  comparison.  \la  increases  the  electric  conductivity  of  air  and 
water^  by  causing  dissociation  of  their  molecules.  Badioactivity 
is  most  marked  at  low  temperatures.  It  is  tested  electroscopic- 
allv  or  electronielricallv. 


CHEMIC  PROPERTIES  OF  METALS. 

Q'he  lighter  metals  are,  generally  speaking,  more  active 
cheniically  than  the  heavy  metals. 

Solubility. — HNOs  dissolves  all  metals  except  Al,  Au,  Pt, 
Ir,  Sb  (forms  autimonic  acid),  and  Sn  (forms  white  metastannic 
acid — tin  nitrate  if  very  dilute).  Ph,  Ag,  and  Fe  are  soluble  in 
fliluto  but  not  in  strong  IINOs.  When  Fe  or  Ni  is  immersed 
in  the  fuming  acid,  it  is  rendered  passive:  Le,,  incapable  of 
being  dissolved  in  the  weaker  acid  unless  heated  or  imless  some 
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other  metal — as  Cu,  Ag,  or  Pt — ib  also  presfiit  to  form  an 
electrolytic  current.  This  passive  condition  de|)euds  ou  the 
formation  of  a  coating  of  oxid  fonned  by  the  action  of  oxids  of 
N  in  the  fuming  acid.  The  non-fuming  acid  yields  the  same 
phenomenon  when  alcohol  or  some  other  reducing  agent  is  added. 
If  Pt  is  alloyed  with  Ag,  HNO3  dissolves  it.  A  go!d-siiver  or 
gold-copper  alloy  containing  less  than  25  per  cent.  Au  is  dis- 
integrated by  HNO3,  which  dissolves  the  other  metal,  leaving 
Au.  If  there  is  more  than  35  per  cent.  Au,  enough  Ag  or  C'u 
must  be  fused  with  the  alloy  (quartation)  before  the  acid  will 
remove  all  the  Cu  or  Ag. 

HCl  dissolves  all  nietala  except  Sb,  Hg,  Ag,  Pb,  Au,  Pt,  and 
Bi.  HCl  attacks  Cu  elowly,  only  in  presence  of  air.  HCl  dis- 
solved in  benzene  has  no  action  on  metals,  since  the  acid  does 
not  dissociate  in  this  medium. 

Dilute  HsSO^  dissolves  all  except  Sb,  Al  (soluble  on  boil- 
ing), Pb  (slightly),  Au,  Pt,  Cu  (soluble  in  concentrated  hot), 
and  Hg  (soluble  in  concentrated).  Strong  H2S0^  forms  a 
coating  of  sulphate  which,  not  being  dissolved  away,  soon  stops 
diemic  action..  C.p.  Zn  ie  scarcely  acted  on  by  dilute  HaSO^- 
Aqua  regia  dissolves  Au  (quickly),  Pt  (slowly),  and  Sb 
(also  soluble  in  hot  HCl  and  in  hot  H2SO4).  Sn  is  converted 
into  SnCI^-  Gold  is  soluble  in  iodic  and  selcnic  acids.  In- 
soluble in  acids  arc  Cr,  Rh,  Ir,  and  Ru. 

Caustic  alkalies  diHsolve  the  weaker  metals,  Zn,  Al,  and  So, 
forming  zineates,  alumJnatea  and  metastannates.  Alkaline  hy- 
droxids  and  nitrates  dissolve  gold.  Pb  dissolved  in  alkalies  to 
fonn  plumbites  (radical,  PbOj") ;  Pb04"'  is  plumbate.  Pt 
makes  easily  fusible  alloys  with  molten  metals;  it  is  also  dis- 
solved by  hot  alkalies. 

NaCl  and  organic  acids,  fats,  oils,  alcohols,  dissolve  Zn 
(often  contains  As) .  KCN  dissolves  Au,  Ag,  and  Cu.  Al  is  dis- 
1  Biilved  by  certain  vegetable  acids,  especially  iu  the  presence  of 
KaCl.  Ammonia-water  dissolves  Cu  slowly,  the  process  being 
[  iiastened  by  allowing  access  of  air.  Cu  is  also  attacked  by  fnts 
I  and  syrups,  and  by  vegetable  acids  in  the  presence  of  air  and 
I  moisture:  hence  culinary  preparations  containing  vinegar  or 
I  lemon-juice  should  not  be  placed  in  Cu  vessels.  A  liter  of  dis- 
I  tilled  water  may  dissolve  3  mg.  of  Cu,  and  natural  waters  more. 
I  Al  attacks  glasses,  but  can  be  melted  in  a  clay  crucible. 

Colloidal  solutions  of  metals  arc  obtained  cither  hy  the  use 
I  of  reducing  agents  on  metallic  sails,  or  by  immersing  a  bar  of 
1  th«  metal  in  HjO  and  passing  a  strong  electric  current  through 
I  the  liquid,  breaking  off  minute  particles  which  are  held  in  sus- 
I  prnaioo  like  an  emulsion.  These  solutions  have  distinct  eata- 
[  lytic  or  oxidizing  properties.  Soluble  (colloid)  Ag  is  red 
(moist)  or  blue  (dry).  The  insoluble  variety  is  blue.  White 
AgCI  soon  turns  violet  when  exposed  to  light,  due  to  AgoCI  and 
1  metallic  Ag  (insoluble  in  NH4HO).    Gold  can  be  obtained  in  a 
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soluble  colloid  form  (violet  solution)  by  the  action  of  a  mixture 
of  solution  of  cerium  acetate  and  NaHO  on  a  solution  of  AuCla- 

Action  of  Air. — Noble  metals  (Au,  Ag,  Pt,  Hg,  Pd,  Eh,  Ru, 
Os,  and  Ir)  do  not  oxidize  on  exposure  to  air;  the  rest  are 
termed  base.  Cu,  Zn,  Al,  and  Sn  do  not  oxidize  in  dry  air.  Tin 
is  sometimes  subject  to  a  sort  of  contagion,  by  which  it  slowly 
changes  (below  20°)  to  the  gray  form  (sp.  gr.  5.8),  which  can 
be  changed  back  by  heating  to  the  ordinary  white  variety. 

In  moist  air  Zn  and  Mg  become  covered  with  a  film  of  oxid 
(prevents  further  change) ;  Cu  with  a  green  deposit  of  basic 
carbonate;  Pb  with  a  blue-gray  coating  of  carbonate  and  sul- 
phid.  Iron-rust,  that  forms  in  moist  air  or  H2O,  is  a  mixture 
of  Fe(H0)3  and  Fe203.  The  rusting  of  iron  or  steel  is  due 
to  the  action  of  acid  (H)  ions  in  water,  and  can  be  prevented  by 
treating  with  some  oxidizing  agent  like  K2Cr207.  If  the  plat- 
ing of  Sn  on  Fe  is  worn  away  at  any  point,  it  oxidizes  more 
quickly  (galvanic  action)  here  than  on  a  uniform  iron  surface. 
Zn  is  more  positive  than  Fe;  hence  galvanized  iron  does  not 
easily  rust.  Tarnishing  of  silverware  is  due  to  the  formation  of 
Ag2S  by  the  HoS  in  the  air  of  houses;  Cd  turns  yellow  from 
the  same  cause.  Alkali  metals  oxidize  very  quickly,  and  must  be 
kept  in  oily  liquids  (or  benzene)  that  contain  no  0. 

Action  on  Water. — Metals  of  the  alkalies  and  alkaline  earths 
decompose  IToO,  sometimes  with  a  colored  flame  of  H,  and  form 
hydroxids : — 

K  +  HoO  =  KHO  +  H 

Xa  must  be  kept  at  rest  on  the  water  by  means  of  a  piece  of 
filter  paper.  Zn  in  air  or  water  shows  first  a  film  of  oxid,  then 
ji  coat  of  carbonate  and  hydroxid,  which  does  not  dissolve  in 
water  unless  containing  chlorids. 

Eed-hot  Fe  dipped  into  H2O  decomposes  the  steam  that  is 
formed,  setting  H  free  and  producing  the  ^1)lack8miths'  scales'* 
of  Fe304.  Powdered  Mn  also  decomposes  H2O.  Pb  is  slightly 
soluble  in  HoO,  and  this  solvent  action  is  increased  by  the 
presence  of  chlorids,  nitrates,  and  nitrites,  and  decreased  by 
(carbonates  and  sulphates,  which  form  an  insoluble  coating  on 
the  inner  surface  of  the  pipes.  Generally  speaking,  the  softer 
the  water,  the  greater  the  danger  of  Pb  being  dissolved  by  it. 
Sn,  Zn,  Fe,  and  Mg  ppt.  Pb  from  its  solutions. 

Experiment. — Make  a  "lead  tree"  by  dipping  a  strip  of  Zn  into  a 

solution  of  lead  acetate. 

Normal  salts  of  Bi  decompose  on  the  addition  of  much 
IT2O,  with  ppt.  of  oxysalts  or  subsalts.  Oxids  of  metals  com- 
bine with  HoO  to  form  hydroxids  (rarely  acids,  when  there  is 
a  very  large  proportion  of  0),  and  both  oxids  and  hydroxids  com- 
bine with  acids  to  form  salts.  The  presence  of  air  favors  the 
solution  of  metals  by  acids  or  bases. 
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Direct  Combination. — All  metals  unite  directly  with  CI,  F, 
and  0;  most  with  Br,  I,  and  S;  many  wilh  C  and  P  and  As. 
Preshly  prepared  ferrum  reductum  burns  readily  with  a  red 
gloir.  Hg  and  0  do  not  react  on  each  other  at  ordinary  tem- 
peratures, but  when  the  metal  ia  heated  nearly  to  its  b.p.  it  com- 
bines slowly  with  0,  forming  IlgO,  which  breaka  down  quickly 
into  Hg  and  O  at  a  low  red  heat.  Powdered  Zd  or  Mg  reduces 
many  other  metals  from  their  salts  on  heating.  A  etrip  of  Zn, 
Sn,  or  Fe  ppts.  Pb  or  Bi  from  solutions  of  their  salts;  a  stick  of 
P  or  other  non-metal  collects  crystalline  Au  from  a  heated  solu- 
tion of  one  of  its  salts;  Zn,  FeSO^,  HaCjO^,  and  H2SO3  also 
ppt.  Au.  Hg  dissolvca  all  other  metala  directly  or  indirectly 
(Sa  amalgam)  except  Fe,  forming  weak  chemic  compounds 
known  as  amalgams.  The  platinoid  metals  and  tin  seem  to 
unite  chemically  on  heating.  Pd  shows  a  stain  on  heating  with  a 
drop  of  tincture  of  I ;   Pt  is  not  affected. 

Experiment.— Clean  a  copfier  cent  with  HNOs,  and  spread  on  a 
globule  of  Hg  to  "silver"  it     Whj  does  it  turn  green  laUrl 

Molten  cast  iron  dissolves  C,  forming  a  carbid.  The  chief 
imparities  of  cast  iron  are  S,  which  renders  it  brittle  when  hot 
(''red-short''),  and  P,  which  renders  it  brittle  when  cold.  Sb 
and  As  unite  readily  witli  most  metalloids  and  with  many  metals, 
tliHS  playing  both  the  +  and  the  —  role.  Both  form  poisonous 
combustible  gases  (HsSb  and  KsAs)  with  H.  Cu  on  heating 
becomes  coated  with  black  CuO.  Mg  bums  readily  with  an 
intesise  white  light  rich  in  actinic  rays. 

Al  combines  with  0  at  high  temperatures,  giving  a  great 
heat  and  a  brilliant  light.  Zn  ia  also  combustible  at  a  bright-red 
heaL  Cd  burns  under  the  blowpipe,  leaving  the  brown  oxid. 
As  and  Sb  burn  with  a  bluish-white  light  and  garlicky  odor; 
Te  with  a  blue  flame  tinged  with  green;  In  with  a  violet  flame. 
The  alkaline  and  alkaline  earthy  metals  also  yield  characteristic 
flames  (see  '■Pyrology").  Ozone  and  H2O2  corrode  most  metals 
by  breaking  up  and  giving  off  nascent  0. 

Seriea  of  Salts. — Apt  to  change  spontaneously,  one  into  tlic 
other. 

Ferrous  and  Ferric. — In  these  two  series  the  metal  is  a 
diad  and  a  triad,  respectively. 

Ferrous  compounds  are  usually  greenish  in  color;  ferric 
salts,  reddish.  They  undergo  spontaneous  change,  one  class  into 
the  other,  on  exposure  to  the  air,  as  well  as  by  artificial  reduction 
or  oxidation. 

Sxperiaient.~Convert  FeSO,  into  FealSOjjj  by  heating  a  solution 
of  the  former  with  dilute  UNO3,  and  note  ooiresponding  change  in  color. 

FerroDs  ealts  can  be  made  by  dissolving  Fe  in  the  corre- 

rding  acid;   ferric  salts,  by  dissolving  Fe203  in  the  acid  of 
salt  desired.    Fe  salts  are  combined  with  sugar  to  obviate 
Mtringcocy  and  irritating  qualities  and  prevent  oxidation. 
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Mercurous  and  Mercuric, — In  mercurous  compounds  Hg 
acts  as  a  monad;  in  mercuric,  as  a  diad.  The  oils  salts  are 
probably  unsaturated  as  to  valence,  and  are  prone  to  decom- 
pose into  metallic  Hg  and  the  corresponding  ic  compound.  To 
preserve  the  ous  salts  a  little  Hg  is  usually  added. 

Cuprous  and  Cupric, — The  ous  and  ic  salts  of  Cu  corre- 
spond in  structure  to  those  of  Hg.  Cuprous  compounds  are 
even  more  unstable  than  mercurous  ones. 

Cobalt  Salts. — Hydrated  Co  salts  give  pink  solutions;  an- 
hydrous ones  blue. 

Experiment. — Make  sympathetic  ink  by  dissolving  some  Co(N03)2 
in  water.  Write  with  this  solution  and  a  glass  rod  on  white  paper  and 
let  dry.  The  writing  is  invisible.  Now  dehydrate  by  holding  the  paper 
near  the  llamc,  and  tlie  characters  will  appear  plainly  in  blue. 

Ammonium  Compounds, — These  on  exposure  to  the  air 
give  of!  the  gas  NH3 ;  hence  the  term  volatile  alkali  applied  to 
this  metal. 

Experiment. — With  moistened  red  litmus-paper,  held  above  the 
open  neck  of  the  bottle,  show  volatility,  of  NH4H.O,  and  notice  that  the 
red  color  is  restored  on  drying. 

Ammonio-copper  compounds  are  double  salts  of  Cu  and 
NH3  and  yield  deep  blue  solutions.  Examples  are  cupric- 
dianimonium  sulphate,  CuS04(NH3)2,  and  cupric-tetram- 
monium  sulphate,  CUSO4  (1153)4.  Silver-ammonium  com- 
pounds are  likewise  double  soluble  salts.  Chromous  salts  are 
blue;  chromic,  green.  Chromic  acid  is  red  or  yellow.  Diman- 
ganion  is  pale  red  or  pink.  Trimanganion  is  violet-red;  its 
salts  quickly  hydrolyze  into  brown  Mn(0H)2. 

Zinc  salts  are  all  white,  as  are  nearly  all  the  salts  of  the 
alkaline  and  alkaline  earthy  metals. 

Magnesium  salts  are  soluble  in  the  presence  of  ammonium 
compounds,  with  which  they  form  double  salts. 

Organic  metal  compounds  and  double  salts  of  metals  are 
non-irritant  and  do  not  ppt.  albumin. 

Scale  Compounds, — These  are  chiefly  ferric  salts  with 
organic  acids,  which  prevent  pptn.  of  hydrates  by  the  heavy 
nletal^?.  They  arc  prepared  by  evaporating  to  a  syrupy  con- 
sistence, pouring  on  plates,  and  peeling  oflE  when  dry.  OflScial 
are  ferric  citrate,  soluble  ferric  phosphate,  ferri  et  ammon.  cit., 
ferri  pyrophos.,  ferri  et  quin.  cit.,  ferri  et  strych.  cit.,  ferri  et 
aininon.  tart.,  and  ferri  et  potassii  tart.  They  are  green  or  red 
in  color. 

Actinism. — Ag  salts  are  very  susceptible  to  the  action  of 
light,  being  reduced  to  the  black,  finely  divided  subchlorid  Ag2Cl, 
especially  in  the  presence  of  organic  matter. 

Experiment.-  -Show  silvering  of  glass  with  solution  of  Rochelle 
salt,  strong  AgN03  solution,  and  enough  NH4HO  to  nearly  dissolve 
precipitate,  warming  carefully. 
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BadioKCtive  Hetals. — Radium,  thorium,  actinium  and  polo- 
niom  are  present  in  minute  quantiticB  in  the  ores  of  uranium. 
Ail  of  them  emit  luminous  rays  capable  of  passing  through 
opaque  substances,  producing  electric  effects,  acting  on  photo- 
graphic platcB  and  on  the  human  body  therapeutically. 

Owing  perhaps  to  subatomic  disintegration,  radioactive 
compounds  give  out  light  (non-luminous  preparations  also),  heat 
(1.5°  above  their  surroundings — melt  their  own  weight  of  ice 
in  an  hour)  and  ehemie  wavea  indefinitely.  They  penetrate 
opaque  objects,  affect  photographic  plates  and  cause  phosphores- 
cence in  a  fluorescent  screen  and  in  the  lens  of  the  eye.  They  lose 
their  radioactivity  temporarily  by  being  kept  eevera!  hours  in  a 
vacuum  or  by  prolonged  heating  at  1000°  C. ;  great  cold  enhances 
radioactivity.  Paper  becomes  brittle  on  exposure  to  radium 
nys,  sodium  glass  is  turned  a  deep  violet,  plant  leaves  wither, 
and  yellow  phosphorus  becomes  red. 

The  important  alpha  radium  rays  (Rutherford)  are  readily 
abrarbed  and  are  positively  charged;  they  cause  the  scintilla- 
tions. The  beta  rays  are  the  same  as  cathode  rays.  A  third 
class  (gamma  rays)  seem  to  be  identic  with  X-rays,  and  are  with- 
out electric  charge.  These  rays  are  thought  to  be  produced  by 
sudden  stoppage  of  the  charged  electrons,  just  as  a  like  stoppage 
of  the  cathode  rays  in  a  vacuum  tube  causes  ether-pulses,  or 
X-ra)-B,  on  the  outside  of  the  tube.  In  penetrating  effect,  the 
gamma  rays  rank  first,  passing  through  three  inches  of  lead  or 
eight  inches  of  iron. 

Besides  these  three  kinds  of  rays,  there  is  a  gaseous  emana- 
tion which  can  be  blown  about.  This  emanation  may  consist  in 
the  projection  of  entire  atoms  (as  with  a  perfume),  and  these, 
alighting  on  any  exposed  surface,  may  disintegrate  and  so  render 
the  substimce  apparently  radioactive  for  the  time.  In  this  con- 
nection helium  is  formed  (Ramsay),  probably  by  the  rearrange- 
ment of  fewer  electrons.  Solutions  of  these  salts  evolve  helium 
continuously. 


FBTSIOLOOIC  FBOPEBTIES  OF  METALS. 

None  of  the  metals  have  any  distinct  action  an  or  in  the 
body  until  converted  into  compounds  by  the  digestive  juices  or 
otherwise.  Hg  is  most  employed,  either  rubbed  with  chalk 
(gray  powder),  or  with  lard  and  suet  (mercurial  ointment)  or 
with  licorice-powder  and  rose  honey  ("blue  pill").  The  thera- 
pfutie  alterative  activity  of  these  preparations  is  due  to  Hg20 
formed  by  oxidation  of  the  finely  divided  ("dead  or  extin- 
giiidie*!")  metal.  Hence  the  better  rubbed  and  the  older,  the 
Htronger  Uiey  will  be. 

Sdtn  of  Uic  less  positive  metals,  Zn,  Al,  Cu.  Fe  (vegetable 
add  ealta  not  constipating),  and  Pb  (also  sedative)  are  gener- 
aUy  astringent,  especially  t))e  sulphates,     fii  salts  are  soft  and 
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insoluble ;  hence  used  as  mucous-membrane  sedatives.  Mg  salts 
are  generally  laxative  and  antacid.  Fe  is  an  essential  element 
of  blood-corpuscles,  and  is  therefore  much  used  as  a  hematinic. 
Ae  is  a  valuable  alterative  and  nerve-tonic.  Liquid  As  official 
preparations  are  of  1-per-cent.  strength;  dose,  8  to  10  minims. 
Many  metallic  salts,  particularly  of  Bi  and  Fe,  when  taken 
internally  blacken  the  stools  by  uniting  with  HgS  in  the 
intestines. 

The  salts  of  the  alkali  metals  are  white  and  solid  and  mostly 
fusible  at  a  red  heat.  Practically  Fpeaking,  al!  are  soluble  in 
H2O,  but  much  less  so  or  not  at  all  in  alcohol.  The  hydrosids 
and  carbonates  are  peculiar  in  not  being  decomposed  by  heat. 
Moat  K  salts  are  deliquescent;  most  Na  salts  efflorescent.  K 
compounds  are  the  strongest  physiologically  and  the  most  irri- 
tating and  depressant.  The  stimulating  properties  of  NH4 
compounds  depend  largely,  no  doubt,  on  the  contained  N,  The 
various  salts  of  each  metal  are  usually  prepared  by  treating  the 
most  abundant  and  accessible  compound  with  the  acid  of  the 
salt  desired  or  with  a  solution  of  some  reagent  containing  the 
desired  radical.  The  salts  of  the  alkali  metals  are  the  most 
common  and  useful  mineral  medicines.  They  are  used  as 
cathartics  and  antacids,  and  even  more  as  suitable  vehicles  for  the 
ad  ministration  of  medicinal  negative  elements:  e.g.,  NaBr  for 
Br,  KI  for  I,  etc.  The  alkaline  salts  of  the  vegetable  acids  are 
oxidized  into  carbonates  in  the  system. 

The  common  Ca  compounds  are  essentia!  to  the  life  and 
growth  of  all  living  beings.  Sr  is  preferred  as  a  base  for  I, 
Br,  and  salicylic  acid,  since  it  is  non-irritant  to  the  stomach. 
Salts  of  the  heavy  metals  generally  are  changed  into  albumin- 
ates before  absorption  into  the  blood;  hence  are  often  advan- 
tageously given  in  milk.  Caustic  alkalies  act  as  corrosive 
poisons;  large  doses  of  heavy  metals  (except  Fe)  act  as  irri- 
tants chiefly.  Most  of  the  heavy  metals  may  give  rise  to 
chronic  poisoning  due  to  medication,  occupation,  or  environ- 
ments. Hg  and  As  vapors  are  extremely  poisonous.  Metals 
of  the  same  group  vary  in  toxicity  directly  as  their  atomic 
weights.  Mineral  substances  tend  to  accumulate  in  the  body 
more  than  vegetable. 

The  therapeutic  effects  of  radioactive  salts  appear  to  be  due 
to  the  inhibitory  action  of  the  rays  emitted  on  the  trophic  nerves 
supplying  the  part  or  tumor.  Radium  affects  the  sense  of  vision, 
even  when  held  behind  the  head.  It  exerts  an  irritating 
influence  on  the  skin,  producing  dermatitis,  and  darkens  arterial 
blood. 

USES  OF  METALS. 

The  most  important  of  the  industrial  metals  are  Fe,  Al, 
Cu,  Zn,  Sn,  and  Pb.  Fe  is  the  most  useful  metal,  and  is  em- 
ployed in  innumerable  ways.     So  necessary  has  it  been  to  the 
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progress  of  the  race  that  the  historic  period  of  tlie  earth  is  oft«n 
Btjkd  the  iron  age.  Wrought  or  bar  Fe  is  of  speeial  use  for 
bailding  purpoaea  and  Besaemer  steel ;  white  cast  Fe  for  forging, 
pnddlitig.  and  steel;  cement  steel  for  armor  plates;  carbon  or 
crucible  steel  for  springs,  tools,  and  firearms;  open-hearth  or 
low-carbon  steel  for  tires,  tanks,  fire-boxe?,  etc. ;  and  Bessemer 
steel  for  rails  and  construction  material. 

The  metal  AJ  is  the  best  suited  of  all  metals  for  culinary 
vessels,  on  account  of  its  lightness  and  because  it  does  not  tarnish 
nor  is  acted  on  by  vegetable  acids  so  much  as  Zn,  Sn,  and  Cu 
are;  it  is,  moreover,  not  at  all  poisonous.  Al  is  also  employed 
for  corering  roofs  and  monuments,  for  ornamental  purposes  (sil- 
vering— thin  leaf),  and  in  dental  plates,  and  ia  sometimes  used 
with  S  in  vulcanizing  rubber.  Powdered  Al  is  used  in  white 
paints  for  metal  surfaces,  and  for  welding  the  joints  between 
rails  (along  with  oxid  of  iron — as  thermite) . 

Zn  ifi  used  in  the  manufacture  of  brass,  desilvering  Pb,  in 
dental  dies  and  counter-dies,  electric  batteries,  and  for  coating 
or  "galvanizing"  sheet  iron  for  roofing,  pails,  tubs,  etc.  The  Fe 
is  cleansed  in  dilute  H2SO4  and  then  dipped  into  molten  Zn. 

Cu  is  utilized  for  money,  electric  wires,  cartridges,  various 
utensils,  in  sheathing  ships,  and  to  give  a  ruby  color  to  glass. 
Its  alloys  are  of  extensive  service. 

Tin  plate  consists  of  sheet  Fe  coated  with  Sn ;  if  the  coat- 
ing is  thick,  it  is  styled  block  tin.  Pins  are  made  of  brass  wire 
covered  with  tin  amalgam.  Tin-foil  is  made  of  Pb  between 
thin  strips  of  Sn.  In  much  of  the  ordinary  tinware  the  coating 
of  Sn  ifl  adulterated  with  Pb.  and  rusts  more  quickly  than  it 
sfaonld.  Pare  tin-foil  is  sometimes  used  as  a  dental  filling.  The 
insoluble  SnOg  formed  between  the  wall  and  the  filling  acts 
as  a  preservative.  Sn  has  but  slight  affinity  for  S,  and  is  much 
used  in  packing  rubber  articles  and  for  models  of  vulcanite 
dentures  and  in  coating  plaster  easts  for  the  vulcanizing  process. 

Pb  is  used  very  extensively  in  the  manufacture  of  shot, 
bullets,  water-pipes,  chemie  vessels,  dental  counter-dies,  and 
various  alloys,  notably  solder  and  type-metal.  Cylinders  of 
Pb  have  been  used  for  filling  the  root-eanals  of  teeth. 

Of  secondary  importance  in  manufacture  are  Mn,  Cr,  Ni, 
Co,  As,  Bi,  and  Sb.  The  chief  use  of  Mn  is  in  making  ferro- 
manganese  for  the  Bessemer  steel  process.  The  toughest,  hard- 
est steel  contains  about  15  per  cent.  Mn.  Manganese  steel,  being 
non-magnetic,  is  used  in  making  dynamos.  Cr  is  used  in  the 
proportion  of  0.5  to  0.T5  per  cent,  to  harden  steel.  Ni  is  utilized 
as  an  anti-rust  plating  for  steel  and  Fe  instruments  and  in 
armor-plate.  The  principal  use  of  Co  is  in  making  the  blue 
pigment  smalt,  by  fusing  some  salt  of  this  metal  with  finely- 
powdered  glass.  As  {\^  per  cent.)  gives  the  round  shape  to 
oullcfta.  A  miiture  of  Co  ("glance")  and  As  is  used  as  fly-stone 
and    black    fly-paper.     As    is    also   used    in    fireworks.     Bi    is 
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employed  largely  in  fusible  alloys  (safety-plugs},  in  dm  for 
wood-cut  and  stereotype  impressions,  and  in  dental  dies  and 
counter-dies.  Sb  is  used  in  type-metal  because  it  expands  on 
cooling,  and  in  various  other  alloys.  U  salts  color  glass  and 
render  it  fluorescent. 

Mg  ia  of  service  in  photographing  ohjccts  in  dark  places; 
also  for  flashlights  (powdered  Mg  blown  through  a  flame  or 
ignited  with  KClOg),  and  signaling,  in  the  Bengal  fires  and 
pyroteclinica, ■   It  is  sometimes  substituted  for  Zn  in  Marsh's  test. 

K  and  Na,  on  account  of  their  strong  attraction  for  nega- 
tive elements,  have  been  used  in  the  separation  from  their  ores 
of  other  elements,  particularly  Mg,  Al,  B,  and  Si.  Na  is  a  com- 
mon laboratory  reducing  agent.  Na  amalgam  is  oftjen  em- 
ployed in  place  of  the  single  metal. 

On  account  of  its  density  and  wide  range  of  fluidity,  Hg 
is  much  used  in  making  thermometers,  barometers,  and  other 
scientific  instruments.  Its  avidity  for  Au  accounts  for  its  use 
in  placer  mining.  An  amalgam  of  Sn  and  Hg  is  itsed  for  coat- 
ing the  backs  of  mirrors. 

The  value  of  the  precious  metals  Au,  Pt,  and  Ag  depends 
partly  on  their  comparative  rarity  and  partly  on  the  fact  that 
they  do  not  readily  fuse  or  oxidize.  Ag  is  made  use  of  widely 
in  the  manufacture  of  surgical  instruments  and  snturee,  being 
itself  slightly  antiseptic.  It  is  further  used  for  certain  chemic 
apparatus,  for  coins,  electroplating,  the  silvering  of  glass  for 
mirrors,  and  as  the  source  of  Ag  salts.  Ag  coins  are  alloyed 
with  10  per  cent,  of  Cu  to  give  the  needed  hardness.  The  silver 
electroplating  solution  consists  of  1  part  of  AgNOg  in  50 
HaO,  combined  with  5  KCN  in  20  HgO ;  the  AgCN  thus  formed, 
though  insoluble  in  HaO,  is  soluble  in  the  excess  of  alkaline 
cyanid.  Tlie  Ag  bar  attached  to  the  +  pole  ia  gradually  dis- 
solved by  the  CN  liberated  at  the  same  pole,  keeping  the  pro- 
portion of  AgCN  in  the  solution  about  constant. 

Au  is  used  as  coin  and  for  jewelry,  on  account  of  its  softness 
being  alloj'ed  with  Ag  and  Cu.  The  fineness  of  Au  is  represented 
in  carats,  the  pure  metal  being  designated  34  c.  fine.  United 
States  gold  coins  are  21.6  e.  fine;  jewelry  usually  14  c.  Gilding 
is  performed  by  means  of  electrolysis  of  a  solution  containing 
AuClg  and  KCN.  Glass  and  porcelain  are  decorated  in  the 
same  manner  or  with  the  purple  of  Casaius  (made  by  reaction 
between  AuClg  and  SnCl™)-  Gold  salts  are  used  in  photography 
for  toning.  The  gold  leaf  used  by  dentists  and  sign  painters  is 
prepared  by  passing  Au  !>etween  rollers  till  about  l^oo  inch 
thick,  then  hammering  between  calfskin  vellum  till  Msoooo  to 
Hooooo  of  an  inch  in  tiiickness.  The  cohesive  Au  used  for 
dental  fillings  is  prepared  by  heating  gold-foil  to  redneM  (on  a 
sheet  of  mica),  thus  restoring  the  cohesive  properties  lost  by 
beating,  and  driving  off  moisture  and  gases  from  the  surface. 
The  "soft,  non-cohesive  gold"  preferred  by  Bome  for  dental  pur- 
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potea  is  prepared  by  alloying  or  by  depositing  carbon  on  the 
surface. 

Dentists  generally  employ  gold  plate  of  18  to  20  e.  finenese, 
the  remaining  4  or  S  c.  being  made  up  of  from  two  to  six  times 
more  Ag  tlian  Cu.  If  a  higher  carat  is  desired  for  greater 
tenacity  (clasps  and  wires),  a  little  Pt  is  added,  and  the  Cu 
exceeds  the  Ag.  Gold  platea  should  be  "pickled"  in  dilute  HNO3 
after  swaging,  in  order  to  remove  every  particle  of  die  metal. 

On  account  of  its  high  m.p.,  Pt  is  much  employed  for 
i-nicibles,  evapora ting-dishes,  stills  (H2SO4),  flame-test  wires, 
and  in  electric  apparatus.  An  alloy  with  Ir  is  harder,  less 
fusible,  and  less  subject  to  themic  action  than  is  the  pure  metal. 
Pt  is  used  to  some  extent  for  ornamenting  porcelain.  It  is  also 
employed  in  dentistry  for  pins  for  artificial  teeth,  for  continuous 
gum-plates,  and  when  finely  powdered  for  coloring  artificial 
teeth.  MgCl2  solution,  heated  to  dryness  (forming  HC!  and 
MgO),  is  eicellent  for  cleansing  platinum. 

The  rare  metals  are  mainly  of  theoretic  interest,  Pd  is 
used  for  mounting  scientific  instruments  and  plating  silver 
goods.  It  is  non-magnetic  and  its  elasticity  is  not  affected  by 
t-Iianges  in  temperature,  hence  it  is  used  in  the  hair-springs  of 
watches.  Va  salt*  give  a  gloss  to  satin  and  are  used  to  set  black 
in  fabrics.  Ta  is  need  for  the  filaments  of  incandescent  lamps. 
Ce  and  Th  are  used  in  the  manufacture  of  Welsbaeh  mantles  for 
gaa  burners  and  in  making  steel  for  manufacturing  tools. 

METAIXIC  OKOITFS, 

Alkali  KetalB.— This  includes  K,  Na,  Li,  NH4,  Rb,  and 
C».  The  group  is  so  called  because  the  osids,  hydrates,  car- 
bonates, and  some  phosphates  of  the  metals  composing  it  are 
of  an  alkaline  reaction.  All  are  univalent,  and  the  first  three 
are  lighter  than  H2O,  which  they  deoxidize,  forming  hydrates 
and  netting  free  H.  They  are  soft,  silver-white,  easily  fusible. 
and  volatilize  at  high  temperatures.  They  are  strongly  positive ; 
iirtine  have  a  great  affinity  for  negative  elements.  Their  salts  are 
all  practically  soluble,  and  increase  in  physiologic  potency  with 
the  atomic  weights  of  the  metals. 

Ketali  of  Alkaline  Earths. — These  include  Ca,  Ba.  and  Sr, 
and  (for  present  convenience)  Mg.  They  are  all  diads.  They 
bom  readily  and  decompose  HjO  at  high  temperatures.  TICl 
tod  dilute  HnSO^  dissolve  them.  Their  halogen  salts  are  freely 
— their  sulphates,  oxids,  and  hydrates  slightly  (except  MgSO^) 
— soluble  in  HjO;  carbonates,  phosphates,  and  borates  insoluble. 

Lead  Oronp. — This  comprises  Pb,  Cu,  Bi,  Ag,  Hg,  and  Cd. 
These  metaU  are  soft  and  heavy.  Their  sulphids  are  black  and 
iowlable  in  B^O,  dilute  acids,  and  N^HtHS;  their  halogen  salts 
ilightlT,  if  at  all,  soluble.  The  carbonate  and  sulphate  of  Pb  are 
Wa  imoloble. 
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Alnminnin  Group. — Al,  In,  Ga.  These  are  practically 
trivaknt.  Their  double  sulphates  are  called  alums.  Tlieir 
oxids  are  ingoluble. 

Iron  Group. — Fe,  Mn,  Co,  Ni,  Cr,  Zn.  These  are  divalent 
or  trivaleut  and  more  or  loss  magnetic.  Their  sulphids  are 
soluble  in  dilute  acids. 

Anenic  Group. — As,  Sb,  Sn,  Au,  Pt,  Mo.  Their  aulphida 
are  insoluble  in  dilute  acids;  soluble  in  NH4HS,  SboSg  is 
soluble  in  strong  IICl,  insoluble  in  NH4OH  (AS2S3  soluble), 

ALLOTS  IS  OENEBAL. 

A  combination  of  metals  fiipcci  together  la  termed  an  alloy; 
a  Bolution  of  a  single  metal  in  Hg,  an  amalgam;  a  solution  of 
an  alloy  in  Hg,  an  amalgam-alloy.  Some  of  them  are  probably 
feeble  and  indefinite  chemic  compounds,  forming  crystals,  but 
most  appear  to  be  mechanic  mi-vtures  or  solutions.  In  preparing 
alloys  the  least  fusible  metal  should  be  melted  iirst,  and  the  next 
least  fusible  added  little  by  little  with  constant  stirring,  pre- 
venting oxidation  with  borax  or  charcoal,  and  reducing  the  heat 
gradually  according  to  the  fusibility  of  the  metal  next  added. 

Experiment. — ^Make  Na  amalgam  bj  adding  a  piece  of  thia  inetAl 
to  Hg  in  a  mortar,  rubbing  and  pouring  ofT  excesB  of  Hg.  Note  needle- 
like  crystals  of  the  nmatgam. 

Alloys  generally  have  a  lower  fusing-point  than  the  mean 
of  their  constituents;  eoraetimes  lower  than  any  single  con- 
stituent. Alloys  of  Pb,  Sn,  Ilg,  Cd,  and  Bi  are  noted  for  their 
fusibility.  Wood's  fusible  metal  melts  at  68°;  Rose's  metal  at 
94'";  stereotyping  metal  in  boiling  HoO.  Soft  solder  melts  at 
186°  (Sn,  233°;  Pb,  326°).  An  alloy  of  K  and  Na  is  liquid 
at  ordinary  temperatures.  Fusible  alloys  are  useful  in  dovetail- 
ing teeth  into  old  rubter  and  celluloid  plates  with  the  aid  of  a 
warm  burnisher.  Fluxes  are  substances  added  to  ores  to  aid  in 
reduction  by  lowering  the  m.p.  in  this  way. 

Alloys  are  usually  harder  than  the  hardeat  metal  composing 
them.  Even  the  addition  of  such  soft  metals  as  Sn  and  Pb 
generally  hardens  other  metals.  Cu  is  added  to  Ag  and  Au  for 
this  reason.  Au  for  artificial  dentures  is  reduced  with  Ag  and 
Cu  to  18  carats. 

The  alloy  iridosmine,  on  account  of  its  hardness,  is  used  to 
tip  ("diamond  points")  gold  pens,  the  particles  being  pushed 
into  the  point  of  the  pen  while  cold.  Al  bronze  is  employed  for 
castings,  and  is  added  to  steel,  Zn,  and  Ag  to  improve  these 
metals  in  hardness  and  tenacity.  Phosphoriridium,  made  by 
heating  these  two  elements  together,  has  great  power  of  retaining 
lubricants.  It  is  nsed  to  point  stylographic  pens.  An  alloy  with 
50  per  cent,  of  Fe  is  not  scratched  by  the  best  file.  SiUco-copper 
is  as  hard  as  steel. 
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The  tenacity  of  metals  is  sometimes  diminished,  but  usually 
increased,  by  alloying,  as  illustrated  by  Al  bronze.  Steel  is  2i^ 
times  as  tenacious  as  iron.  The  addition  of  12  per  cent,  of  Sn 
to  Cu  trebles  the  tenacity  of  the  latter.  Sb,  Bi  and  As  render 
alloys  brittle,  and  even  a  trace  of  Pb  makes  Au  much  less  ductile 
and  malleable.  By  adding  5  per  cent.  Ni  to  steel,  the  tensile 
strength  is  increased  about  one-half.  Invar  is  an  alloy  of  steel 
with  36  per  cent,  of  Ni,  used  for  hair-springs. 

The  color  of  alloys  is  commonly  gray,  but  is  sometimes 
superior  to  that  of  their  constituents.  Thus,  brass  has  a  better 
hue  than  Cu,  is  less  subject  to  atmospheric  action,  and  is  more 
easily  worked  in  the  lathe.  Al  bronze  resembles  Au.  Equal 
parts  of  Sb  and  Cu  fused  together  yield  a  violet  alloy.  Metallic 
luster  is  often  modified  or  even  destroyed  by  alloying.  This  is 
particularly  true  of  Au.  Different  grades  of  brass  (Zn  and  Cu) 
include  similor,  Bath  metal,  Mannheim  gold.  Prince  Bupeifs 
metal,  Muntz's  sterro,  and  Aich^s  and  Gedge's  metals.  The 
Chinese  alloys  pacfong  and  tutenag  contain  Zn,  Cu  and  Ni. 
Ni  added  to  brass  produces  a  silver-white  alloy.  The  greenish 
alloy  used  by  jewelers  has  30  per  cent.  Au  and  70  per  cent.  Ag. 
^Hed  gold^^  is  %  gold  and  Vi  copper.  ^TBlue  gold^'  is  said  to 
contain  75  per  cent.  Fe.  Cu  and  Pt  in  equal  proportions  fonn 
an  alloy  like  gold  in  color  and  density. 

The  sp.  gr.  of  alloys  nearly  always  varies  from  the  average 
of  their  constituents.  An  alloy  of  Ag  and  Au  is  below — one  of 
Pb  and  Sn  above — the  mean  of  its  constituents. 

Liquation  is  the  term  applied  to  the  gravity  phenomena 
whereby  the  metals  composing  an  alloy  form  separate  layers  when 
the  molten  mixture  is  allowed  to  cool  slowly.  Pb  and  Zn,  or  Pb 
and  Ag,  or  Cu  and  Ag  can  be  parted  in  this  way. .  When  metals 
differ  greatly  in  fusibility  it  is  best  to  unite  first  those  that  com- 
bine most  readily. 

The  property  of  sonorousness,  in  which  most  single  metals 
are  deficient,  is  much  enhanced  by  alloying.  Examples  are  bell- 
metal  and  an  alloy  of  Cu  and  Al. 

Elasticity  may  sometimes  be  increased  by  adding  a  small 
proportion  of  other  metals.  "Spring  gold^^  contains  a  small  per- 
centage of  Pt  and  is  used  for  clasps  of  artificial  dentures. 

Alloys  of  Zn  or  Hg  and  other  metals  (except  Pb  and  Sn), 
are  accompanied  by  heat.  The  specific  heat  of  an  alloy  is  the 
mean  of  the  specific  heat  of  the  component  metals.  Conducting- 
powcr  for  heat  and  electricity  is  generally  reduced  in  alloys. 
The  coefficient  of  heat-expansion  in  alloys  is  usually  about  the 
average  of  its  ingredients.  An  exception  is  copper-tin  alloy, 
which  expands  le?s  than  pure  Cu,  although  Sn  alone  expands 
more  than  Cu. 

The  solubility  of  alloyed  metals  is  often  considerably  altered. 
The  action  of  acids  is  generally  more  marked  than  upon  a  single 
metal.     Ag  becomes  insoluble  in  HNO3  when  alloyed  with  more 
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than  35  per  cent,  of  Au,  aiul  I't  becomes  quite  soluble  in  IINO3 
when  alloyed  with  Au  or  with  ten  times  as  much  Ag.  Alloys  of 
8n  and  Pb  and  the  tin-silver  amalgam-alloys  used  for  filling 
teeth  are  readily  taraished  or  osidizod.  A  volatile  metal  (Hg, 
Zn)  can  be  separated  from  an  alloy  by  heating  at  a  briglit-red 
bent.  P  and  As  added  to  alloys  of  Cu  and  /n  have  a  deoxidizing 
effect  on  the  oxids  present.  Many  amalgam  compounds  can  be 
decomposed  by  pressure,  and  all  by  high  temperatures. 

Ksp«ttmeiit. — Dissolve  a  10-cent  piece  in  IINO3.  What  color  ia 
prcMluced,  and  whf  I 

Among  miscellaneous  alloys  may  be  mentioned  delta  metal 
(55  Co,  41  Zn,  +  Co) ;  juagnalium  (80  Al,  20  Mg) ;  speculum 
metal  (6  Cu,  3  Sn.  1  As) ;  antifriction  metal  (Cu,  Sn  and  Sb 
in  TariouB  proportions);  Lichtenberg's  metal  (5  Bi,  3  Pb,  3 
Sn),  f.p.  93"  ;  and  Newton's  metal  (S  Bi,  3  Pb,  2  Su),  f.p.  94.5°. 

Dental  amalgam-alloys,  used  for  tiliings,  are  usually  com- 
posed of  65  (40)  parts  Ag  and  35  (60)  parts  Sn.  This  type  may 
be  modified  by  the  addition  of  a  few  per  cent,  of  spongy  Pt, 
Cn,  Au,  Zn,  Pd,  Al,  Sb,  Fe,  or  Cd.  The  advantages  of  an 
amalgam-alloy  over  a  simple  amalgam  are  that  opposite  prop- 
erties— for  instance,  expansion  and  contraction — may  neutralize 
each  other,  and  also  help  to  set  more  quickly.  An  amalgam 
may  be  prepared  (1)  by  bringing  the  metal  or  alloy  in  contact 
with  Hg;  (2)  by  adding  Hg  to  the  molten  alloy;  (3)  by  action 
of  the  metal  on  a  salt  of  Hg;  (4)  by  action  of  Hg  on  a  salt  of 
the  metal.  The  third  method  is  illustrated  when  metallic  in- 
stromraits  are  immersed  in  HgOl£  solution.  The  time  of  setting 
variea  from  hours  to  days,  according  to  the  ingredients  and 
whether  the  excess  of  Hg  has  been  squeezed  out  or  not,  using 
chamois  or  good  muslin. 

Discoloration  of  amalgam  fillings  is  due  to  HjS  from  de- 
composing food  in  the  mouth.  Ag,  Cu,  and  Pd  are  blackened; 
Cd  turned  yellow.  The  Ag^S  thus  formed  is  antiseptic,  serving 
to  preserve  the  teeth.  The  discoloration  of  gold  fillings  is  said 
to  be  due  to  oxidation  of  the  steel  worn  from  pluggers.  Gal- 
vanic action  between  the  ingredients  of  fillings  may  also  have 
Mimething  in  do  with  their  discoloration  and  disintegration, 
especially  when  Cu  is  present.  Cu  amalgams  waste,  because  the 
black  oxid  and  sulphid'  on  the  surface  change  to  the  soluble  sul- 
phate, yet  the  antiseptic  action  of  the  salts  renders  such  fillings 
permanent.  Al  amalgam  in  the  presence  of  moisture  swells  up 
and  decomposes  into  AI2O3  and  Hg,  with  production  of  heat. 

The  black  "dirt"  that  is  given  off  in  mixing  ordinary 
amalgam-alloy  is  a  lower  oxid  of  Sn,  and  ia  more  abundant  after 
annealins;.  Pressure  on  solid  amalgams  causes  a  yielding  or 
flow,  which  varies  with  the  amount  of  stress.  '"Electric  amal- 
gam" is  coinnionly  prepared  with  1  part  each  of  Sn  and  Zn  and 
3  parts  Hg. 

Some  alloys  expand  during  setting;    others  contract.     By 
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repeated  annealinp  of  65  to  75  per  cent,  eilver-tin  alloya,  tlieee 
show  little  or  no  expanei  on-con  traction  range.  Ice  water  or  ice 
cream  in  the  moutli  contracts  dental  fillings;  hot  drinka  expand 
them  in  the  direction  of  least  resistance,  and  on  cooling  they 
shrink  in  all  three  directions.  In  either  event  a  space  of  several 
li  ia  left  on  each  side  of  the  cavity.  The  micro-organisms  con- 
cerned in  dental  cariea  measure  only  0.4  to  O.S  n. 

Dental  solders  are  special  alloya  for  joining  metallic  sur- 
faces. They  usually  consist  of  the  metal  to  be  soldered,  with 
another  to  lower  the  fusing-point.  Hard  solders  fuse  at  or 
above  red  heat;  soft  solders  below  tiiis  point.  By  autogenous 
soldering  is  meant  the  fusing  together  of  contiguous  parts  of  the 
same  metal,  usually  Pb  or  Pt.  Soft  solders  are  used  in  the 
stick  form;  hard  solders  in  ingot  filings;  Au  and  Ag  solders 
as  clippings  from  rolled  sheets.  They  are  prepared  in  a  crucible 
in  the  same  manner  as  other  alloys. 

Experiment. — Prepare  gold  solder  by  taking  3  parts  each  of  Ag 
and  Zn  and  IS  parts  Au.  Place  the  Au  and  Ag  together  in  a  crucible, 
cover  with  ^  to  i^  inch  of  borax,  and  melt  with  blowpipe  in  furnace. 
Remove  from  furnace,  and  drop  Zn  tlirongh  borai  into  molten  alloy. 
Alt«r  about  one-half  minute  the  fluid  mixture  is  poured  into  a  warmed 
Bnd  oiled  mold,  and  the  borax  cake  picked  off. 

The  beat  tin  solder  for  dental  use  contains  1  Pb  and  2  Sn, 
and  melts  at  171°.  Bi  solders  are  composed  of  Bi,  Sn,  and  Pb, 
and  melt  at  from  95°  to  160°.  Really  good  Al  solders  are  not 
to  be  had  at  present.  As  a  dental  solder  Hall  recommends  a 
combination  of  45  parts  each  of  Al  and  Sn  and  10  parts  Hg, 
the  Bolder  being  applied  with  a  brazing  blowpipe  and  a  piece 
of  steel  wire.  Fused  AgCl  is  nsed  as  a  flux,  Al  bronze  is  readily 
soldered  with  alloys  of  Au,  Ag,  and  Cu. 

Brass  solder  is  hard,  and  varies  from  yellow  to  white  accord- 
ing to  the  amount  of  Sn,  Silver  solders  consist  of  Ag  alloyed 
with  Cu,  Zn,  and  Sn,  and  are  used  in  soldering  Ag,  Oennan 
silver,  brass,  cast  iron,  and  steel.  For  general  nse  an  alloy  of  8 
Ag,  1  Cu,  and  S  Zn  is  recommended.  Esaig  gives  a  formula  con- 
sisting of  60  parts  Ag,  30  parts  Cu  and  10  parts  Zn.  For 
soldering  steel  3  parta  Ag  and  1  part  Cu  is  mentioned  by  Brandt. 

Gold  solders  range  from  13  to  20  c.  in  fineness,  the  remain- 
der being  made  up  of  Ag  and  brass  in  nearly  equal  proportions. 
For  crown  and  bridge  work  Essig  commends  a  solder  containing 
20  Au,  3  Ag,  and  1  each  Cu  and  spelter  (equal  parts  Cu  and  Zn). 

Soft  aoldera  are  generally  appHed  with  a  clean  and  tinned 
Cu  bit.  A  brazing  blowpipe  is  used  for  hard  solders.  The 
surfaces  to  be  united  are  commonly  "pickled"  in  dilute  HCl  or 
H2S04.  Eosin  or  soldering  fluids,  such  as  a  saturated  solntion 
of  Zn  in  HCl,  are  employed  with  soft  solders  as  protective  fluxes. 
A  thin  paste  of  boras  and  H^O  is  used,  as  a  rule,  with  hiuii 
solders.  The  oxidizing  flame  should  be  avoided  in  soldering. 
Discoloration  by  such  oxidation  can  be  removed  with  borax  or 
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with  a  warmed  solution  of  dilute  H2SO4.     Pure  gold  U  used  as 
a  solder  in  uniting  pieces  of  Pt  or  iridio-platinum. 

The  conditions  of  BucceBsful  soldering  (Essig)  are:  1.  Con- 
tact of  the  two  pieces  to  be  united.  S.  A  clean  metallic  surface 
over  which  the  solder  is  to  flow.  3,  A  freely  flowing  solder. 
4.  Proper  amount  and  distribution  of  heat.     Borax  made  into 


a  cream  with  water  and  applied  by  means  of  a  camel's-hair  brush 
is  of  service  in  making  pieces  of  solder  adhere  in  proper  position. 
Surfaces  to  be  gpldered  should  be  kept  especially  from  contact  of 
plaster  of  Paris.  As  a  support  a  solid  piece  of  charcoal,  bound 
with  wire  and  coated  on  all  sides  except  that  for  soldering,  with 
a  half  inch  of  plaster,  is  usefu].  Pumice  stone  is  also  of  service 
in  holding  small  objects  before  the  blowpipe. 

Dental  diee  are  made  of  Zn  or  Babbitt  metal  ( 1  Cii,  2  Sb, 
and  8  Sn),  Spence's  metal  (FeS  melted  in  S),  or  tvpo-metal 
(1  Sb,  1  Sn^  and  4  Pb).     Alloys  for  counter-dies  usually  consist 
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of  1  part  Sn  and  7  parts  Pb.  Richardson  recommends  for  dies 
for  swaging  plates  an  alloy  of  4  Zn  and  1  Sn. 

Experiment  to  Determine  the  Melting-point  of  a  Fusible  Alloy. — 

Place  alloy  in  a  test-tube,  to  which  is  bound  a  thermometer,  and  im- 
merse both  in  a  beaker  of  H2O.  Heat  the  H2O,  with  constant  agitation 
over  a  hot  plate,  till  the  alloy  melts.  Then  let  cool  and  note  tempera- 
ture at  which  the  alloy  solidifies.  If  the  alloy  does  not  fuse  at  or  below 
the  b.p.  of  H2O,  raise  this  point  by  saturating  with  NaCl  or  NH4CI  or 
by  using  some  liquid  (glycerin  or  H2SO4)  with  a  higher  b.p.  than  H2O. 


METALLOIDS. 

These  elements  differ  from  the  metals  by  taking  generally 
the  electronegative  role.  Their  oxids  are  acid  in  reaction. 
Some  of  them  are  gases,  one  (Br)  a  liquid,  and  a  number  solids. 

HYDROGEH. 

Though,  strictly  speaking,  a  gaseous  metal,  H  will,  for  con- 
venience, be  considered  with  the  metalloids.  The  element  is 
Ko  called  because,  in  connection  with  0,  it  forms  water.  It 
was  first  observed  by  Paracelsus  in  the  sixteenth  century.  It 
was  carefully  investigated  by  Cavendish  in  17G6,  who  termed  it 
inflammable  air,  and  later  demonstrated  that  it  ^formed  H2O 
with  half  its  volume  of  0. 

H  occurs  free  in  Nature  in  small  quantities,  occluded  in 
meteorites,  in  camallite,  and  in  volcanic  and  other  natural  gases. 
It  is  one  of  the  products  of  decomposition  of  organic  substances, 
and  hence  is  found  in  the  lungs,  stomach,  and  intestines,  and  in 
sewer-gas.  It  is  believed  to  be  the  chief  constituent  of  the  solar 
atmosphere.  The  compounds  of  H  with  other  elements  are  very 
numerous  and  important,  including  water,  ammonia,  marsh-gas, 
all  acids  and  acid  salts,  hydrates,  and  most  fuels  and  substances 
used  for  lighting,  as  well  as  sugars,  starches,  and  hydrocarbons. 

It  may  be  prepared  from  H2O  by  electrolysis  or  by  the  action 
of  metals  (Na,  for  example)  that  have  a  great  affinity  for  0. 
The  usual  method  of  production  is  by  treating  granules  of  Zn 
witli  diluted  (1  to  5)  1X2804  or  HCl  :— 

Zn  +  H2SO4  +  H2O  =  ZnS04  +  HgO  +  Hg 

It  is  collec'ted  by  displacement  over  water.  The  process  of 
evolution  is  hastened  if  an  inert,  more  electronegative  substance, 
such  as  Cu  or  PtCl4,  is  immersed  in  the  fluid.  H  is  also 
evolved  on  heating  certain  metals  (Zn,  Mg,  and  Al)  with  strong 
solutions  of  alkaline  hydrates.  It  is  prepared  on  a  large  scale 
for  manufacturing  purposes  by  passing  steam  over  iron  turnings 
or  charcoal  in  an  iron  tube. 

H  is  a  colorless,  odorless,  tasteless  gas.  It  is  the  lightest 
substance  known ;  hence  is  taken  as  the  unit  of  atomic  weight 
and  density.     Air  is  nearly  15  times  as  heavy.    A  liter  of  H 
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at  0"  and  T60  inm.  pressure  weighs  a  crith :  equivalent  to  0,0896 
pm.  H  is  tlie  most  difficult  of  gases  to  liquefy,  having  been  con- 
densed by  Dewar  in  1898  to  a  steel-blue  liquid  under  a  pressure 
■  of  600  atmospheres  at — 140°.  This  liquid  is  the  lightest  known 
(ep,  gr.,  0.07)  and  boils  at  —  S38°.  It  has  been  solidified  at 
about  —  256°.  Dewar  has  found  that  seeds  of  wheat,  barley, 
peaa  and  mustard  do  not  lose  their  germinative  power  by  putting 
tliem  into  liquid  H. 

H  is  tbe  most  diffusible  of  gases,  has  the  greatest  Hpecific  heat 
(3.4),  is  the  most  refractive  of  gases,  and  the  best  gaseoiis  con- 
duct^ff  of  heat  and  electricity.  One  volume  of  the  gas  dissolves 
in  50  of  wab?r.  It  is  readily  absorbed  or  occluded  by  a  number  of 
tuetals,  particularly  Pt  and  Pd  (forming  an  alloy),  the  latter 
metal  taking  up  400  volumes  of  the  gas,  and  the  former   (in 


I 


th«  finely  dinded  or  spongy  state)  lias  so  great  an  avidity  for 
Uiis  gis  as  to  ignite  it  throngh  the  heat  produced  by  its  rapid 
abmrption. 

^pcrlncBt. — Hake  H  and  pass  gas  on  to  a  disk  of  ipongy  Pt  till 
Ignitittn  Uk«s  plnce. 

Jn  ite  chcmie  relations  H  generally  plays  tbe  positive  role, 
Mpecially  in  acids,  and  is  displaced  from  its  combinations  by 
metals  which  are  more  electropositive.  H  is  not  a  supporter 
nf  rombostton,  and  at  ordinary  tempenituree  hns  little  atEnity 
fur  O,  but  is  quite  combustible  at  elevated  temperatures,  burning 
with  a  palp-blue  flame  and  forming  H2O;  when  mixed  with 
air  or  O,  it  KxpliMles  with  violence.  On  account  of  its  avidity 
for  0  and  other  non-metals,  heated  II  is  a  powerful  reducing 
a^ent.  Naivrnt  I!  uuitea  with  solutions  of  As  and  Sb  to  form 
iaflainmable  gaseous  compounds. 

H  gas  is  neither  noxious  nor  beneficial  physiologically.  It 
m  be  inhaled  for  a  short  time  without  injury,  producing  only 
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a  peculiar  change  in  the  voice :   i.e.,  a  higher  pitch,  due  to  more 
rapid  vibration  of  vocal  cords  in  rarer  atmosphere. 

Experiment. — ^Make  H  and  show  properties  of  combustibility,  but 
not  supporting  combustion,  levity,  and  diffusibility.  Take  care  to  expel 
all  air  from  tiusk  before  igniting. 

Test. — O  -|-  llo  =  Ho^,  shown  by  holding  cool  glass  vessel  near 
burning  jet. 

Combined  with  0  by  means  of  the  oxyhydrogen  blowpipe, 
it  yields  a  very  intense  heat,  sometimes  used  for  fusion  and 
reduction  purposes.  Reduced  iron,  or  Fe  by  H,  is  prepared  in 
this  manner.  H  was  formerly  utilized  for  balloons,  having 
a  lifting  power  of  a  little  more  than  one  ounce  to  the  cubic 
foot,  but  has  proved  too  diffusible  to  be  of  much  service  in  this 
connection. 

HELnrx. 

This  gaseous  element  was  first  discovered  in  the  solar 
atmosphere  by  means  of  the  spectroscope,  in  which  it  shows  a 
yellow  line  at  D  3.  Recently  it  has  been  shown  to  be  occluded 
in  many  minerals,  often  accompanied  by  H,  and  is  also  present 
in  the  gases  of  certain  springs  and  to  a  very  slight  extent  in  the 
air.  It  is  a  very  inert  substance,  and  extremely  difficult  to 
liquefy. 

HALOGENS. 

This  group  is  so  called  because  they  form  salts  (Greek,  hals) 
directly  with  metals.  Most  of  its  members  can  be  derived  from 
sea-water  and  plants.  Jts  members  form  binary  salts  by  com- 
bining directly  with  metals.  It  includes  four  elements,  two  of 
which,  CI  and  F,  are  gases;  Br,  a  liquid;  and  I,  a  solid.  All 
arc  strongly  electronegative,  neutral,  and  generally  univalent. 
Tliey  have  a  sliarp,  acrid  taste,  and  a  characteristic  irritating 
odor;  they  corrode  metals,  combine  with  H  to  form  colorless 
acid  gases,  and  act  as  bleaching  and  disinfecting  agents.  Their 
relative  combining  energy  is  inversely  to  their  atomic  weights. 
They  can  all  be  prepared  (except  F)  by  removing  H  from  their 
acids  by  means  of  0  derived  from  Mn02. 

Experiment. — Drop  a  few  grains  of  Mn02  into  three  test-tubes. 
Then  add  to  Uie  first  a  little  powdered  NaCl,  to  the  second  NaBr,  and 
to  the  third  KI.  Next  pour  into  each  a  few  drops  of  H2SO4  and  warm. 
Mote  formation  of  CI  in  the  first  tube,  Br  in  the  second,  and  I  in  the 
third.  CI  and  Br  bleach  moistened  blue  litmus-paper;  I  vapor  red- 
dens it. 

Fluorin. — F  was  first  isolated  with  electricity  by  Moissan 
in  1886.  Its  name  is  derived  from  the  principal  natural  com- 
pound, fluorspar,  CaF2. 

This  element  occurs  very  sparingly  in  a  free  state,  but  as 
CaF2  it  is  found  nearly  everywhere.     Cryolite  (N"aFAl2F6)  « 
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a  porous  rock  abundant  in  Greenland.  F  is  also  present  in  sea 
uid  mineral  waters,  bones,  teeth,  and  milk. 

F  is  a  colorless  gas,  so  powerful  in  its  afBnities  for  other 
eubstasces  that  it  can  be  prepared  only  hy  electrolysis  of  HP  in 
Tisscis  of  Pt  or  Capo.  It  is  the  only  element  that  does  not  com- 
bine with  O. 

Chlorin. — This  element  was  first  prepared  hy   Scheele  in 


1774,  and  was  to  named  by  Davy  because  of  ita  greenish  color. 
CI  Derer  occurs  free  in  Nature,  but  in  combination  with  other 
vlvnents  it  is  of  almost  universal  distribution. 

For  laboratory  or  medical  use  it  is  usually  prepared  in  one 
of  the  two  ways  indicated  by  the  following  equations : — 
MnOa  +  4HCI  =  2H2O  +  MnCla  +  CI2 
CaClaO  +  2HCi  =  CI2  +  CaCla  +  HjO 
It  will  be  noted  in  both  instances  that  the  H  of  HCI  is 
oxidixed  and  CI  aet  free. 
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Experiment. — "Msike  and  collect  the  gas  dry  (by  downward  dis- 
placement) and  in  H2O. 

CI  is  a  greenish-yellow  gas  of  a  peculiar,  penetrating,  suf- 
focating odor  and  acid,  astringent  taste.  It  is  2^4  times  as 
heavy  as  air,  and  can  be  condensed  to  an  oily  liquid  by  4  atmos- 
pheres at  ordinary  temperatures.  One  volume  of  water  absorbs 
nearly  3  volumes  of  the  gas.  Aqua  chlori,  thus  obtained,  should 
contain  not  less  than  0.4  per  cent,  by  weight,  of  CI.  CI  water 
should  be  protected  from  air  and  light,  as  otherwise  it  changes 
to  IICl. 

CI  is  highly  electronegative;  hence  has  affinity  for  most 
other  elements,  especially  U.  and  other  metals.  The  gas  pre- 
pared in  daylight  is  much  more  active  than  that  made  in  the 
dark. 

Experiment.  —  Fill  one  test-tube  with  H  and  another  with  CI. 
Place  mouths  of  tubes  together  (CI  above)  and  hold  in  sunlight  or  near 
a  iltime.    An  explosion  results. 

H  burns  freely  in  CI  and  CI  in  H.  This  fact  may  be  shown 
by  holding  a  candle  in  a  jar  of  CI ;  the  C  of  the  candle  is  un- 
burned  and  produces  a  dense  cloud  of  smoke. 

Experiment. — Throw  a  piece  of  paper  wet  with  warm  turpentine 
(Clonic)  ^°^o  ^'-    Explain  spontaneous  combustion  and  dense  smoke. 

Experiment. — Show  aflinity  of  CI  for  Sb  by  dropping  some  finely 
powdered  Sb  into  a  jar  of  the  gas.  It  burns  and  is  converted  into  a 
white  powder:  SbCl,^.  This  and  the  preceding  experiment  are  best 
done  with  the  gas  freshly  prepared  by  pouring  HCl  on  KClOs. 

On  account  of  its  affinity  for  H,  CI  acts  as  a  bleacher  (for 
cotton,  linen,  paper,  and  discolored  teeth),  deodorizer,  and  dis- 
infectant: t.r.,  freshly  generated  CI  unites  with  tlie  H  of  HoO 
and  sets  free  nascent  0,  which  is  the  really  active  agent  in 
destroying  colors,  odors,  or  germs  and  their  products.  It  is 
evident  that  these  changes  can  take  place  only  in  the  presence 
of  moisture. 

Experiment. — Show  decolorizing^  action  of  CI  water  on  calico,  and 
that  the  dry  gas  has  little  efTect  in  this  direction. 

CI  tarnishes  and  corrodes  all  metals'  and  is  the  solvent  of 
Au  and  Pt  in  aqua  regia.  It  discharges  the  color  of  common 
anilin  inks. 

Experiment. — Immerse  a  strip  of  Cu  foil  in  CI  water,  and  note  how 
quickly  it  blackens;   also  dip  a  knife-blade  into  solution  of  HgCl:- 

Bromin. — This  element  was  first  discovered  by  Balard  in 
182G,  and  owes  its  name  to  its  strong  odor.  It  occurs  naturally 
only  in  combination  with  Mg  and  the  alkali  metals^  accompany- 
ing the  chlorids. 

It  is  separated  from  the  mother-liquor  (bittern)  of  sea- 
water — from  which  NaCl  has  been  removed  by  evaporation — 
and  salt-wells  and  springs  by  treating  the  liquid  with  CI.    This 
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element^  being  more  negative  than  Br,  has  a  greater  aflSnity  for 
metals,  and  drives  Br  from  its  metallic  combinations,  setting  it 
free. 

£xp«rimeAt. — Shake  KBr  with  CI  water  and  then  chloroform,  and 
note  that  the  latter  takes  up  free  Br  and  is  colored  red. 

Br  is  a  dark-reddish-brown  liquid,  very  volatile  (fuming), 
and  corrosive.  It  is  3  times  as  heavy  as  H2O,  in  which  it  dis- 
solves to  the  extent  of  3  per  cent. ;  it  is  more  freely  soluble  in 
alcohol,  ether,  or  chlorofonn. 

Br  is  less  energetic  than  CI,  but  more  so  than  I.  Solu- 
tions of  the  element  are  decomposed  by  light,  with  formation 
of  lIBr.  It  stains  organic  matter  yellow.  Great  care  should 
be  taken  not  to  allow  the  fumes  to  corrode  surgical  instruments 
or  the  metallic  parts  of  the  microscope.  If  the  hands  get 
burned  with  the  substance,  NH4HO  ought  to  be  applied  at  once. 
Tliough  strongly  germicidal,  Br  is  seldom  used  as  a  disinfectant, 
because  of  its  many  disadvantages.  Its  chief  use  is  in  the 
manufacture  of  hypobromites. 

lodin. — I  was  discovered  in  1811  by  Courtois.  a  Parisian 
soap-boiler,  in  ^'kelp,^'  or  the  ashes  of  sea-weeds.  The  name 
signifies  violet. 

I  is  found  widely  disseminated  in  the  three  kingdoms  of 
Xature,  though  not  abundant  except  in  marine  plants  (espe- 
cially laminaria),  which  absorb  it  from  the  sea-water,  as  do 
also  the  salt-water  fishes,  which  accounts  for  the  appreciable 
amount  of  I  in  codliver-oil. 

I  is  prepared  from  sea-weed  ashes  (variously  known  ac- 
cording to  locality  as  kelp,  varec,  and  barilla)  by  lixiviation  and 
evaporation  to  concentrate  (crystallizing  out  NaXOs),  followed 
by  the  addition  of  II2SO4  to  the  mother-liquor  (ppts.  S),  and 
finally  distillation  of  the  remaining  clear  liquid  in  the  prcsenoe 
of  MnOo. 

2KI  -f  MnOo  +  2H2SO4  =  K2SO4  +MnS04  -f  2noO  -f  lo 

The  product  thus  obtained  is  usually  purified  by  resublinia- 
tion.  Much  I  is  obtained  as  a  by-product  in  the  purification  of 
crude  saltpeter. 

This  element  is  met  with  in  the  form  of  brittle,  ncutnil, 
volatile,  crystalline,  purple  scales,  with  a  distinct  metallic  luster 
and  a  peculiar  odor  and  disagreeable  taste.  Its  sp.  ^r.  is  uoarly 
*»;  m.p.,  114**;  b.p.,  180°.  Jt  is  very  slijrhtly  soluble  in  llo(), 
requiring  for  1  part  over  5000  of  the  latter.  Its  solution  in 
FIoO  is  greatly  aided  by  the  presence  of  tannin  or  KI.  Lu,!2:()l's 
^olution  (liquor  iodi  comp.)  is  composed  of  5  I  and  10  KI  in 
if20  to  make  100  parts.  I  is  freely  soluble  in  alcohol  (tincture, 
7-per-cent-  strength),  glycerin,  ether,  chloroform,  and  CSo.  The 
solution  in  alcohol  is  brown;  in  chloroform  or  CSo,  violet. 

Ezpeiiment. — ^Ueat  I  and  notice  beautiful  violet  vapor. 
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I  is  the  least  energetic  of  the  halogens.  It  attacks  some 
metals,  however,  to  a  marked  degree;  ite  solutions  should  not 
be  handled  in  Ag  spoons.  It  stains  the  skin  brown.  It  is  an 
irritant,  an  antiseptic,  and  a  valuable  alterative. 

Test. — With  hydrated  starch  I  gives  a  blue  color  (amylum 
iodatum),  showing  as  little  as  1  part  of  I  in  300,000.  On  heating,  the 
blue  color  disappears,  returning  on  cooling,  if  not  all  volatilized.  The  or- 
dinary I  tests  fail  in  albuminous  solutions,  unless  sufficient  heat  is  used 
to  coagulate  the  albumin. 

I  is  used  in  medicine,  in  photography,  and  in  the  manu- 
facture of  iodids  and  some  of  the  coal-tar  colors. 

Experiment. — To  C2S2  add  S  and  an  aqueous  solution  of  I,  and  note 
violet  beads  of  SIq.  On  adding  KOH  to  this  violet  solution,  covering 
with  water  and  shaking,  the  color  disappears,  KJ  being  formed. 

OXYGEN. 

This  element  was  so  named  from  a  Greek  word-,  meaning 
sour  or  sharp,  because  it  was  formerly  believed  to  be  an  essen- 
tial element  of  all  acids.  It  is  the  most  abundant  element  in 
Nature,  making  up  nearly  i/^  of  the  earth's  crust.  It  occurs 
free  as  the  active  agent  in  air,  of  which  it  forms  about  %.  0 
constitutes  by  weight  %  of  II2O,  %  of  sand,  and  %  of  clay. 
It  is  a  constituent  of  nearly  all  organic  compounds,  except 
hydrocarbons,  and  is  found  in  combination  in  every  part  of 
plants  and  animals.     It  was  discovered  by  Scheele  in  1773. 

0  is  usually  prepared  for  experimental  purposes  by  heating 
4  parts  KCIO3  at  200°  with  1  part  Mn02. 

2KCIO3  +  MnOo  =  2KC1  +  3O2  +  Mn02 

Experiment. — Manufacture  0  in  a  copper  retort,  and  collect  over 
H2O. 

As  seen  by  the  equation,  Mn02  remains  apparently  un- 
changed. A  reaction  which  is  induced  or  aided  by  the  mere 
presence  of  another  substance  is  said  to  be  catalytic  in  nature. 
Catalysis  favors  oxidation  and  other  processes  as  lubricants  aid 
the  action  of  machinery.  When  the  Mn02  is  not  employed,  a 
higher  temperature  (325°)  is  necessary.  The  presence  of  the 
Mn  compound  also  makes  the  evolution  of  the  gas  more  steady 
and  regular.  A  pound  of  KCIO3  will  yield  60  or  70  quarts  of 
the  gas.  On  a  large  scale  0  is  manufactured  by  the  Brin  process, 
which  consists  in  heating  to  700°  porous  BaO  in  retorts  into 
which  pure  air  is  forced.  BaOo  is  formed,  which  gives  oflE  0 
on  reduction  of  pressure. 

0  is  a  colorlesF,  odorless,  tasteless  gas  a  little  heavier  than 
air:  a  liter  weighs  1.43  gm.  It  is  difficultly  liquefied,  requiring 
a  pressure  of  300  atmospheres  and  a  reduction  of  temperature 
to  —  140°,  when  it  condenses  into  a  transparent  liquid,  a  little 
lighter  than  H2O.  The  critic  temperature  of  0  is  —  120**.  It 
dissolves  in  H2O  to  the  extent  of  3  per  cent,  by  volume,  and 


I  this  source  that  aquatic  plants  and  anitnaU  obtain 
f  necessary  to  their  existence.     0  is  the  moat  magnetic  of 

0  unites  with  every  element  ascept  F  (not  directly  with 
An,  Ft,  and  Ag),  forming  osids  and  oxysalta.  This  union  is 
termed  oxidation,  or  "slow  combustion,"  unless  light  aa  well 
as  heat  results,  when  the  process  is  known  as  combustion. 
Substances  readily  oxidized  are  said  to  be  combustible  and  are 
composed  mainly  of  C  and  H,  the  C  being  converted  into  COgi 
and  H  into  HsO.  The  CO2  and  H2O  given  off  by  the  lungs  and 
urea  by  the  kidneys  are  produced  by  oxidation  in  the  tissues. 
Plants  take  up  this  COj  in  sunlight,  keep  C,  and  set  free  0. 
Artificial  heat,  light,  and  meclianic  energy  are  product?d  mainly 
by  oxidation. 

Experiment. — With  a  glowing  match  show  that  0  is  a  supporter  of 
nun  bust  ion,  but  not  c«mbuBtibIe. 

Some  BUhstnnc**  burn  in  O  that  will  not  burn  in  air. 

Bsperlmeiit. — -Bum  a  watch-spring  in  O,  after  attaching  to  one 
end  ■  iDBtcb  by  spiral  turns. 

Combustible  substances  and  supportera  of  combustion  are 
relative  terms,  since  the  union  of  tw"o  such  substances  is  mutual. 
.'\ir  or  O  can  be  made  to  bum  in  illuminating-gas  by  a  simple 
device  consisting  of  a  lamp-chimney  with  a  bottom  cork  through 
which  two  glass  tubes  pass,  one  to  admit  air,  the  other  illuminat- 
ing-gas. When  the  gas  is  passed  in  freely,  the  flame  leaves  this 
tabe  and  goes  to  the  air-tube. 

0  is  the  chemic  source  of  heat,  energy,  and  life  for  both 
plants  and  animals.  About  two  poimda  daily  are  used  up  by 
an  adult  person  in  this  way,  Plants  use  less  0  than  animals, 
having  less  energy,  and  set  free  a  great  deal  more  than  they 
consume.  Animals  require  a  large  amount  of  0,  giving  off  CO2 
in  return.  The  principal  subjective  effect  wheu  pure  0  is  in- 
haled is  a  sensation  of  warmth  in  the  upper  respiratory  tract. 
0  is  Nature's  great  antiseptic,  purifying  the  air,  water,  and  soil 
by  destroying  the  germs  of  disease  and  their  chemic  products. 
The  sap  of  plants  requires  0  to  elaborate  and  render  nourishing. 

0  is  used  largely  in  respiratory  or  circulatory  affections 
with  deficient  oxygenation  of  the  blood.  It  is  also  administered 
by  inbalation  for  dangerous  chloroform  narcosis  and  poisoning 
by  coal-gas  and  other  noxious  vapors.  In  chronic  cases  1  to  5 
galloDS  is  a  dose. 

Osone. — This  peculiar  allotropic  fonn  of  0  exists  in  the 
■ttnoepbere  in  comparatively  small  quantities:  about  1  part  in 
a  million.  It  is  generated  by  heat,  light,  evaporation,  and  elec- 
tricity ;  slow  oxidation,  rapid  combustion.  It  is  most  abundant 
at  hi^h  altitudes,  in  country  places,  after  thunder-storms,  in  the 
!priDg-time,  and  in  the  neighborhood  of  plants.  It  is  produced 
artificially  by  the  action  on  air  of  a  high-tension  current  of 
electricity  without  sparking.     Ozone  is  triatomic.     It  may  be 
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condensed  into  a  blue  liquid.  It  is  soluble  in  turpentine  or 
ether,  and  breaks  up  into  O2  and  0  at  237°.  Like  H2O2,  it 
tarnishes  metnls  and  corrodes  cork  and  rubber.  It  is  used  as 
a  bleaching  agent,  for  purifying  drinking  water  and  for  "aging" 
liquors.  The  word  ozone  is  of  Greek  origin,  and  signifies  "I 
smell"  (1  part  in  100,000  recognized  by  odor).  The  character- 
istic irritating  odor  of  the  substance  may  be  elicited  by  dipping  n 
strongly -heated  gloss  rod  into  vapor  of  ether,  or  by  mising 
H2SO4  with  KMnOi  solution,  or  around  medical  batteries  or 
X-ray  machines. 


vie    S6  — SubltmatloD  Of  Sulphur 

Experiment  — \  simple  test  Tor  ozone  is  IianKiug  a  piece  of  starch- 
paper  impregnultd  with  KI  over  a  piece  of  P  freshly  scraped  and  partly 
covered  with  HjU  Ozone  being  more  n^atiie  than  I,  displaces  the 
latter   pruduting  a  blue  color  with  the  starch 


This  element  has  been  known  from  the  earliest  tunes  In 
a  free  "state,  mLxed  with  earthy  matters,  it  la  found  most  abun- 
dantly in  the  vicinitj  of  active  and  extinct  volcanoes,  hanng  been 
formed  by  the  following  reictmn  — 

2SO2  +  4H2S  =  iH^O  -I-  3S3 

In  combination  it  is  almost  universal  in  the  sulpbids  of  the 
metals,  and  is  also  of  common  occurrence  in  the  H2S  of  mineral 
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waters,  the  sulphates  of  the  alkalies  and  alkaline  earths,  and  in 
animal  and  rentable  compounds. 

About  a  third  of  the  S  of  commerce  is  derived  from  sulphid 
ores.  The  remainder  comes  from  volcanic  regions,  especially 
Sicily  and  other  Mediterranean  countries,  which  furnish  an- 
nually 100,000  tons.  A  great  deal  is  obtained  from  Iceland, 
Mexico,  Central  America,  the  Sandwich  Islands,  and — in  this 
country — Santa  Barbara,  Cal.,  and  Cove  Springs,  Utah.  It  is 
al?o  a  considerable  by-product  in  the  manufacture  of  coal-gas, 
from  the  iron  pyrites  in  the  coal. 

S  is  separated  from  accompanying  impurities  (2  or  3  per 
cent.)  by  melting  along  with  a  little  fuel  in  furnaces  with  in- 
clined grooved  bottoms,  where  the  S  solidifies  into  rolls;  hence 
tlie  name  roll  sulphur  for  brimstone  (bumstone).  It  is  further 
purified  by  sublimation,  the  vapors  condensing  in  a  cooler 
chamber  into  sublimed  S,  or  flowers  of  S. 

Ordinary  S  is  a  lemon-yellow,  odorless,  nearly  tasteless, 
brittle,  crystalline  solid  (rhombic  octahedra  or  monoclinic).  It 
is  insoluble  in  all  the  ordinary  solvents  except  benzin,  turpen- 
tine, chloroform,  fixed  oils,  and  CSo  (^^%7).  The  sp.  gr.  of  S 
is  about  2;  its  m.p.,  114i|°;  b.p.,''44S°.  Melted  S  allowed  to 
cool  slowly  assumes  a  prismatic  form.  When  melted  it  is  a 
thin,  vellow  liquid,  Woming  thick  and  brown  at  *250°,  turning 
lighter  again  at  330''.  Melted  S  at  about  400°,  poured  into  HoO, 
forms  an  amber-colored,  elastic,  tenacious  mass  torined  plastic 
S.     Tliis  variet}'  is  amorphous,  and  not  soluble  in  CSo. 

Experiment. — Make  plastic  S  by  melting  S  in  covered  vessel  and 
pouring  into  U2O. 

S  is  generally  electronegative,  and  in  ternary  compounds  may 
take  the  place  of  0  as  a  linking  agent.  Its  vapor  density  below 
500**  is  9G:  between  800°  and  1000°,  32.  At  ordinarv  tern- 
peratures  S  oxidizes  slowly,  forming  H0SO3  and  II2SO4.  It 
bums  with  a  blue  flame  at  230°,  forming  SOo.  S  combines 
with  most  mebils  and  with  many  metalloids.  Physiologically  S 
is  innocuous. 

Sublimed  S  is  used  largely  as  a  vulcanizing  material.  For 
dental  rubbers  caoutchouc  is  heated  till  soft,,  then  ground  with 
half  as  much  S  and  with  coloring  matter  usually,  and  subjected 
to  heat  (320®  F.),  pressure,  and  moisture  for  an  hour.  S  is 
employed  extensively  in  the  manufacture  of  gunpowder  and 
matches.  Medicinally  it  is  serviceable  as  a  laxative  (in  com- 
pound licorice-powder)  and  in  parasiticide  ointments;  the  hitter 
action  is  attributed  to  the  SO2  present  in  sublimed  S.  Sulphur 
is  changed  (by  Na2C03)  in  the  bowel  to  IIjS  .and  sulphids, 
which  cause  increased  peristalsis,  reduce  oxyhemoLdobin  and  de- 
press tlie  central  nervous  system. 

The  official  forms  comprise:  1.  S  sublimatum  (ordinary 
S).     2.  S  lotum,  or  washed  S,  from  which  the  acid  gases  have 
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been  removed  with  NH^HO.  3.  S  prjecipitatum,  or  lac  or  milk 
S,  a  whitish,  amorphous  powder  prepnrod  by  the  successive  action 
on  S  of  lime  and  dihite  HCI.  4.  linguentum  aulphuris,  which 
contains  15  per  cent,  of  S  Bublimiitiim. 


This  element  is  widely  distributed,  though  in  small  quan- 
tities, usually  associated  with  S.  It  appears  as  an  amorphous, 
brick-red  powder,  soluble  in  CS2  ;  and  as  a  crystalline,  dark-gray 
solid,  insoluble  in  CS2.  The  element  hums  with  a  bright-blue 
flame  and  an  odor  like  that  of  horse-radish, 

TELLXntmC. 

This  rare  element  is  found  free  or  combined  as  tellurids 
with  Au,  Ag,  and  other  metals.     It  resembles  metals  in  being 


Fig,  27.— Preparation  of  Nitrogen. 

solid  and  silver-white.  It  bums  in  the  air  with  a  blue  flame 
tinged  with  green.  Tellurids  are  recognised  by  fusing  with 
K2CO3.  The  resulting  KjTe  dissolves  in  HsO  with  a  red  color, 
and  on  adding  HCI  yields  a  garlicky  stench  of  H2Te. 

mTBOOEN,  OB  AZOTE. 

This  element  was  first  discovered  by  Rutherford  in  1772. 
It  was  BO  named  hecause  it  is  an  essential  element  of  niter,  or 
saltpeter.  Free  N  constitutes  about  four-fifths  of  the  atmos- 
phere. In  combination  it  is  the  characteristic  element  of  nearly 
all  animal  substances  and  their  decomposition  products,  am- 
monia, nitrates,  nitrites,  and  cyanids.  It  is  also  present  in  a 
number  of  vegetable  compounds. 

Experiment. — Bum  P  on  a  pork  on  water  under  it  bell  jar.  Tlie  O 
ia  removed,  forming  dense,  wbit«  fames  of  F^O-;,  which  is  absorbed  by 
the  water,  and  N  is  left 

Pure  N  is  prepared  by  heating  ^1141^02  in  a  gh 
or  KNOa  and  NH4CI. 


1S8  retort,  ^H 


N  IB  a  colorless,  odorleea  gas,  a  little  lighter  than  air.  It 
liquefies  at  —  130°  under  a  pressure  of  380  atmospheres.  One 
and  a  half  volumes  of  the  gas  dissolve  in  100  of  water. 

N  is  neither  combustible  nor  a  supporter  of  combustion. 

Experiment  .—Raise  lighted  candle  into  jar  of  N. 

N  is  chemically  inert  and  has  little  afRiiity  for  other  ele- 
ments, except  Mg,  B,  V,  and  Ti.  Its  compounds  are  therefore 
unstable,  decomposition  often  taking  place  with  explosive 
violence.  The  passive  nature  of  N  accounts  for  the  active  and 
dangerous  character  of  its  compounds,  such  as  nitroglycerin  and 
nitrates,  as  well,  perhaps,  for  the  physiologic  potency  of  the 
c}'anids,  alkaloids,  and  other  nitrogenous  products. 

N  gas,  though  n  on -poisonous,  is  not  directly  utilized  by 
the  system.  Its  presence  in  inhaled  air  is  needed  to  prevent 
too  rapid  oxidation  of  the  tissues.  N  is  occasionally  employed 
as  a  medium  for  chemie  processes  from  which  0  must  be 
excluded. 


Until  17T2  nir  was  considered  to  be  an  element.  Air  is 
a  mechanic  mixture,  and  not  a  compound.  This  is  proved  by 
the  facts  that  its  constitution  is  not  absolute,  that  when  ab- 
sorbed by  H^O  the  N  and  0  are  not  in  the  same  proportion 
as  in  the  atmosphere,  and  that  there  are  no  chemie  phenom- 
ena on  mixing  N  and  0.  The  principal  gases  in  air  are  0  and 
N,  in  the  proportion,  by  weight,  of  33  per  cent,  of  the  former 
and  76  per  cent,  of  the  latter;  by  volume,  20.61  per  cent,  of 
0  and  77,95  per  cent,  of  N.  Argon  constitutes  0.63  per  cent. 
of  the  atmosphere,  and  was  discovered  by  Hayleigh  and  Ramsey 
in  1894  by  removing  from  air  both  the  0  (with  red-hot  Cu 
tuTnings)  and  the  N  (with  red-hot  Mg)  as  well  as  H2O  and 
COj.  Argon  is  the  most  inert  element  known,  and  its  name 
signifies  no  energy.  Helium  is  another  gas  lately  discovered  in 
onr  atmosphere  (1  to  10,000),  and  already  noticed  in  the  solar 
spectrum;  hence  its  name.  Coronium  is  another  atmospheric 
gas,  fonnd  in  volcanic  vapors,  and  showing  a  characteristic  green 
line  in  the  solar  spectrum.  There  are  also  traces  of  hydrogen, 
neon  (new),  krypton  (hidden)  and  xenon  (strange). 

BxpcTtment. — Eetimatc  the  amount  of  O  in  air  by  exposing  a 
meamired  volimp  of  nir  in  a  graduated  lube  over  Hg,  to  the  action  of 
»  atroDg  lolutioii  oF  potassium  pjrogallate,  noting  diminution  of  volume 
>t  <mri  of  on  hour. 

Water-vapor  is  present  in  air  to  the  extent  of  0.75  to  l.G 
per  cent.  (3  to  16  volumes  per  1000),  CO2  in  the  atmosphere 
ihonld  not  exceed  4  parts  in  10,000.  All  solid  substances  con- 
dense upon  their  outer  and  inner  surfaces  the  gases  of  the  atmos- 
phere, particularly  on  cooling,  as  in  the  case  of  a  Pt  crucible. 
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The  porosity,  or  pore-volume,  of  ordinary  soils  is  about  40  per 
cent. — sandstone,  as  much  as  30  per  cent.  The  permeability  to 
air  depends,  not  on  pore- volume,  but  on  the  size  of  the  individual 
spaces,  and  varies  conversely  with  the  degree  of  contained  mois- 
ture in  the  soil. 

Liquid  air  is  now  made  on  a  commercial  scale  by  machinery. 
The  air  is  subjected  to  a  pressure  of  a  ton  to  the  square  inch, 
and  at  the  same  time  allowed  to  escape  through  a  very  fine  orifice, 
cold  water  being  used  to  cool  the  air  before  expansion.  Much 
heat  is  absorbed  in  expansion,  and  by  repeating  the  operation 
three  times  the  temperature  is  lowered  to  or  below  —  191°,  at 
which  point  liquefaction  takes  place.  Liquid  air  is  faintly  blue. 
In  open  vessels  it  evaporates  rapidly;  the  N,  being  somewhat 
more  volatile,  is  given  ofiE  more  rapidly  than  0.  Even  at  this 
temperature  the  0  residue  is  an  energetic  supporter  of  combus- 
tion, burning  and  melting  Fe  (1400°).  Soft  and  elastic  organic 
substances  and  metals  become  very  brittle  when  immersed  in  this 
fluid.  Liquid  air  has  been  used  to  some  extent  in  medicine  as  a 
caustic  application:  e,g,,  in  lupus.  As  a  local  anesthetic  its 
effect  lasts  30  to  40  minutes.  Liquid  air  has  been  preserved  for 
weeks  in  Dewar  bulbs  surrounded  by  a  vacuum  (contains  no 
moisture) . 

PHOSPHORUS. 

Tlie  word  phosphorus  means  the  light-bearer  and  indicates 
the  combustible  nature  of  this  element.  P  was  discovered  in 
1669  by  the  Oerman  alchemist  Brandt,  by  distilling  urine  with 
sand. 

This  clement  does  not  occur  free  in  Nature.  It  was  pri- 
marily combined  with  0  in  the  ancient  rocks,  which  on  dis- 
integration furnished  P  for  plants,  and  these  to  animals.  The 
principal  natural  compound  is  rock  phosphate,  Ca3(P04)2,  which 
is  made  up  largely  of  the  bones  of  prehistoric  animals.  It  is 
found  in  veins  in  the  rocks  of  certain  regions,  especially  near 
Charleston  and  IVIemphis,  and  is  also  present  in  small  amounts 
everywhere. 

P  is  prepared  by  treating  hone-ashes  or  the  mineral  som- 
brerite  (impure  Ca3[P04l2)  with  an  equal  volume  of  50  per 
cent.  noS04,  yielding  CaS04  and  Can4  (PO4) 2.  The  latter  salt 
on  heating  to  redness  loses  two  molecules  of  H2O,  and  is  there- 
by changed  into  the  metaphosphate,  Ca(P03)2,  which  is,  in 
part,  reduced  to  P  by  charcoal  with  the  aid  of  a  white  heat  or 
by  distilling  with  sand.  The  crude  P  thus  obtained  is  purified 
l)y  redistillation,  and  is  allowed  to  solidify  in  molds  of  glass 
or  Cu. 

Tliis  clement  has  four  allotropic  forms;  two  white,  a  red, 
and  a  black.  The  ordinary  stick,  or  white,  octahedral  P  is  of  a 
transhicent,  waxy  appearance ;  sp.  gr.,  1.83 ;  m.p.,  44®.  It  can 
be  cut  with  a  knife,  and  has  a  characteristic  odor.     It  is  insoluble 
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in  H2O,  Blightlj  soluble  in  ether  and  in  alcohol  (1  to  350), 
and  quite  soluble  in  chloroform.  The  best  practicable  solvents 
for  it  are  fixed  oils  (1  to  50),  though  QSj  is  most  efficient, 
diasolTing  20  times  its  own  weight  of  P,  the  solution  being 
^pontaoeously  inHammable  on  exposure  to  the  air. 

Red,  or  "amorphous,"  P  is  prepared  by  heating  the  ordi- 
nary variety  at  300°  in  a  closed  iron  vessel  filled  with  N  or 
COa-  It  is  generally  insoluble,  not  so  inflammable  as  the  white 
variety,  and  has  a  sp.  gr.  of  2.14.  It  is  reconverted  into  ordi- 
nary P  on  heating  to  2S0°.  The  third  variety — called  black, 
or  metallic,  P — appears  in  tlie  form  of  dark-red,  rhombohedral 
crystals;  ap.  gr.,  2,34.  It  is  made  by  heating  waxy  P  along 
with  Ph  at  a  little  below  red  heat  in  sealed  tubes  for  10  or  13 
hours,  after  which  tlie  Pb  is  dissolved  out  with  dilute  HNOa. 
A  fourth  variety,  white  and  flaky,  is  prepared  by  distilling  ordi- 
nary  P  in  an  atmosphere  of  H. 

Ordinary  P  is  very  oxidizable,  igniting  spontaneously  in  air 
at  from  50°  to  60°.  At  lower  temperatures  it  oxidizes  more 
slowly,  with  phosphorescence.  To  prevent  spontaneous  com- 
bustion, it  is  kept  under  HjO.  When  partly  exposed  to  the  air 
it  evolves  white  fumes  of  PaO.ij  and  also  ozone  and  H^Oj.  P 
combines  directly  with  all  the  common  elements  except  C,  H, 
and  N.  Red  P  ie  much  more  inert  than  the  white,  not  igniting 
below  260°.    The  black  variety  is  the  least  active. 

Ezperiment. — Make  fire  under  water  hy  placing  id  a  conio  glau 
at  U-iU  B  few  bits  of  P  and  aome  crystuls  of  KCIO3,  nddiog  to  tbese  by 
QicBiis  of  B  pipet  Bome  H^biU^. 

Phosphin,  H3P,  is  a  colorless  gas  with  an  odor  like  garlic, 
formed  in  Nature  by  the  putrefaction  of  organic  suhstancea  under 
water.  When  mixed  with  PHa  (a  liquid)  it  is  spontaneously 
combustible.  This  is  the  ignis  fuluus,  or  will-o'-the-wisp,  of 
marshy  places. 

Expertnent.— Make  H3P  by  boiling  P  with  KHO,  first  enpelling 
>ir  ID  tbe  flnsk  by  dropping  in  a  few  drops  of  tther.  Keep  the  beak  of 
the  retort  under  water,  and  nole  how  the  bubbles  ignite  as  tliey  appear 
>t  Ibe  surface  and  the  cunoue  rings  of  PgOf,  tliat  are  formed. 

P  and  its  compounds  are  used  extensively  in  medicine  for 
building  up  the  liouy  and  nervous  tissues.  P  is  usually  given 
ID  8  pitl-masa  with  cacao-butter  and  coated  with  sugar  or  gelatin. 
P  mutches  are  made  by  dipping  the  wooden  slips  tipped 
with  paraiSn  or  S  in  a  mixture  of  glue  and  P.  to  which  have  been 
added  other  ingredieuta — such  as  Mn02,  KNO3,  chalk,  S,  lamp- 
lilack  and  other  oxidizers,  combustibles,  and  hard  substances— to 
increaae  friction.  Parlor-matches  crackle  because  of  tbe  quick 
minbHstion,  due  largely  to  KCIO3.  Safety-mutches  contain  no 
P.  but  SbaSa,  PbgO^,  and  KCIO3,  or  KaCraOT-  In  order  to 
ifiite  tliwn  they  must  be  rubbed  on  a  surface  composed  of  red 
1'  and  Sb2S5.  The  grilty  nature  of  the  latter  compound  makes 
the  friction  greater.     Red  P  is  slightly,  if  at  all,  toxic,  and  is 
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used  in  Europe  for  making  matches,  in  place  of  the  white  variety, 
which  is  still  employed  almost  exclusively  in  this  country. 

A  simple  test  f  or  P  is  to  heat  in  a  test-tube  with  acidulated 
water,  and  note  the  phosphorescence.  Filter-paper  dipped  in 
AgNOa,  held  above  the  mouth  of  the  tube,  is  colored  dark  by 
formation  of  silver  phosphid. 

BOEON. 

This  element  was  first  isolated  by  Davy  in  1808.  The  name 
is  derived  from  an  Arabic  word  meaning  to  shine,  and  referring 
to  the  incrusted  shores  of  borax  lakes.  It  is  found  in  the  natural 
state  only  in  combination,  chiefly  as  borax  and  boric  acid. 

B  appears  as  a  brown  or  yellow,  amorphous  powder,  graph- 
itoidal  scales,  or  octahedral  crystals.  These  crystals  are  infusible 
and  next  to  the  diamond  in  hardness,  and  have  a  sp.  gr.  of  2.68. 
At  high  temperatures  B  combines  directly  with  N. 

SILICOK,  OE  SILICITTM. 

This  element  was  so  called  from  the  Latin  word  silex,  mean- 
ing flint.     It  was  first  isolated  by  Berzelius  in  1823. 

Next  to  0,  Si  is  the  most  abundant  element  in  Nature.  It 
is  never  found  free.  It  is  tlie  chief  constituent  of  nearly  all 
rocks  and  soils,  and  is  present  in  plant-ashes  and  to  a  much  less 
extent  in  animal  tissues. 

Si  may  be  prepared  by  heating  together  K2SiFe  and  K4. 
When  thus  obtained  it  appears  as  dark,  lustrous  octahedra,  hard 
enough  to  scratch  glass,  and  with  a  sp.  gr.  of  2.5.  It  may  also 
be  procured  in  amorphous  and  graphitic  forms  corresponding 
with  those  of  C. 

CAEBON. 

C  in  all  its  forms  was  known  to  the  ancients.  Its  name  is 
derived  from  carbo :  Latin  for  charcoal. 

C  is  found  in  Nature  in  three  allotropic  forms :  two  crystal- 
line (diamond  and  graphite),  one  amorphous,  including  coal 
(90  per  cent.  C,  3  to  6  per  cent.  H,  and  0  and  N),  charcoal,  coke, 
lamp-black,  and  ^as-retoii  carbon.  The  diamond  is  the  hardest 
substance  known.  It  is  3i/^  times  as  heavy  as  H2O,  and  crystal- 
lizes in  cubes  or  octahedra.  Its  brilliancy  depends  on  internal 
reflection  of  light,  owing  to  its  great  refractive  power.  The  best 
diamonds  are  found  in  the  gravel-beds  of  Brazil  and  South 
Africa.  These  are  worn  as  gems ;  small  and  imperfect  ones  are 
used  in  glass-cutters,  miners'  drills,  and  rock-boring  machines. 
Microscopic  diamonds  are  found  in  steel  made  by  the  Bessemer 
process.  The  carat,  or  special  unit  of  weight  for  diamonds,  is 
equal  to  3.17  grains.  Real  diamonds  glow  in  the  dark  when  ex- 
posed to  radium  rays,  and  shine  under  water. 
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Graphite  (plumbago,  black  lead)  crystallizes  in  uoetuous 
bexngonal  prisms;  ap.  gr.,  3;  is  almost  infusible,  and  is  a  good 
conductor  of  electricity.  On  account  of  its  n  on -oxidizability, 
tliis  substance  is  much  used  as  a  protective  and  lubricant:  e.g., 
in  etove-polieh  and  for  machinery  and  bicycle-cbains.  It  is  also 
used  in  painting  metaJs,  electrotyping,  glazing,  gunpowder,  as 
a  mold-waeh,  and  mixed  with  clay  and  sand  in  crucibles.  It  owes 
the  name  graphite  to  the  use  which  is  made  of  it  in  pencils. 
Graphite  is  deposited  {gray  cast  iron)  from  molten  cast  iron  when 
in  excefis  of  2  per  cent,  and  is  made  from  charcoal  in  the  electric 
furnace. 

All  the  amorphous  varieties  of  C  are  derived  by  natural  or 
artificial  incomplete  combustion  of  the  vegetable  growth  of  the 
past  or  the  present  Coal,  for  e.xample,  ia  the  product  of  the 
clianges  effected  in  the  forests  of  long  ago  by  great  pressure 
and  terrestrial  heat  (due  to  changes  in  the  earth's  crust)  with- 
out access  of  air,  driving  out  more  or  less  the  liquids  and  gases 
o(  the  trees  and  other  plants  from  which  the  coal  was  formed. 
The  gases  fonued  are  chiefly  CO2  and  CHi  (methane).  Accord- 
ing to  the  relative  completeness  of  carbonization,  there  are  several 
kinds  of  coal.  Anthracite,  or  "hard,"  coal  contains  hardly  any 
volatile  products ;  hence  on  burning  it  glows,  but  does  not  yield 
a  flame.  Bituminous,  or  "soft,"  coal,  on  the  other  hand,  has  not 
undergone  so  much  pressure.  It  is  rich  in  petroleum  (from 
which  coal-oil  is  made)  and  in  giiseous  compounds;  hence  it 
bums  with  Same,  or,  if  heated  in  suitable  retorts  in  the  absence 
of  0,  the  gases  may  be  separated  from  the  aoUd  coal  and  be 
ulilized  as  illuminating  gas  or  for  heating  purposes.  The  residue 
of  solid  coal  left  in  the  retorts  is  termed  "stil!  coke,"  gas-carbon, 
or  plumbagin.  It  is  hard,  compact,  and  diiScult  to  fuse,  and 
is  much  used  for  electrodes  and  battery-plates.  Cannel-coal 
is  a  compact  subvariety  of  bituminous,  and  was  so  named  b&- 
caoee  on  combustion  it  gives  a  steady  light  like  that  of  a  candle. 
Lignite,  brown,  and  wood  coal,  as  the  names  indicate,  are  soft 
eoala  nearer  to  the  woody  nature  of  the  coal-forming  plants  than 
is  ordinary  bituminous  coal.  They  are  most  abundant  in  the 
Uocky  Mountain  regions,  Jet  is  a  peculiar  kind  of  coal,  so 
called  because  it  is  capable  of  taking  a  fine  polish.  Peat  is  a 
carbonaceous  fuel  made  up  of  partly-carbouized  vegetation 
mixed  with  mud.  It  is  obtained  in  great  quantities  from  the 
boggy  districts  of  Ireland. 

Wood-charcoal  (carbo  ligni)  is  made  from  piles  of  wood 
(U,  S.  P.,  soft  willow-twiga)  by  burning  the  latter  with  little 
air:  tliat  is,  covered  with  earth.  The  wood  consumed  yields 
about  %  its  weight  of  charcoal.  Carbo  ligni  is  a  light,  porous 
powder,  noted  for  absorbing  gases — 90  volumes  of  NH3  at  ordi- 
nary tvmpcmturcE,  or  about  twice  as  much  at  f.p.  Because  of 
Has  property,  wood-charcoal  is  much  employed  as  a  deodorizer 
to  occlude  H^S  and  other  foul  gases.     It  is  also  used  intemall; 
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for  the  same  reason,  in  fermentative  digestive  disorders  and  as 
an  antidote  for  poisons.  The  antiseptic  power  of  charcoal  is 
very  slight.  Wood-charcoal  is  employed  as  a  fuel  in  metallurgy 
and  in  the  manufacture  of  crucible  and  cementation  steel. 

Experiment. — Introduce  a  piece  of  heated  charcoal  into  a  test-tube 
previously  filled  with  NII3  over  Hg,  and  note  rise  of  the  metal,  owing 
to  absorption  of  tlie  gns. 

Animal  charcoal  (bone-black,  ivory-black,  carbo  animalis) 
is  prepared  by  the  destructive  distillation  of  bones  in  much  the 
same  manner  as  the  ligneous  variety  is  obtained.  The  crude 
product  is  purified  by  treating  with  dilute  HCl,  which  dissolves 
out  any  Ca3(P04)2-  Bone-charcoal  is  employed  largely  for 
decolorizing  sugar  and  purifying  petroleum,  and  also  in  boot- 
blacking  and  along  with  sand  in  water-filters.  Carbonized  blood 
is  similar  to  bone-black,  and  is  used  for  the  same  purposes. 

Coke  is  obtained  from  coal  much  in  the  same  way  as  char- 
coal is  from  wood.  It  bums,  of  course,  without  flame,  but 
furnishes  a  steady,  intense  heat. 

Lamp-black  is  the  collected  smoke  of  burning  tar,  rosin, 
turpentine,  or  petroleum,  with  a  limited  supply  of  air.  It  is 
identic  with  the  soot  of  chimneys  and  lamp-chimneys,  and  has 
wide  use  in  black  paints  and  printers^  ink.  Certain  woods,  as 
pinon,  are  much  richer  in  carbonaceous  resins  than  others,  and 
hence  soon  fill  up  a  chimney  with  soot. 

Experiment. — Burn  camphor  or  turpentine  in  a  wide-mouth  bottle 
and  notice  lamp-black  formed.     India  ink  is  made  by  burning  camphor. 

Free  C  in  any  form  is  soluble  only  in  molten  cast  iron, 
forming  a  binary  compound,  called  carbid,  with  the  metal.  A 
part,  however,  usually  cri^stallizes  out  as  graphite  on  cooling. 
C  is  fused  and  volatilized  only  by  the  electric  arc  light.  It  is 
not  oxidized  at  ordinary  temperatures,  but  at  high  ones  has  a 
great  affinity  for  0.  Hence  in  the  fonn  of  fuel  it  is  much  used 
as  a  reducing  agent  in  smelting  and  as  charcoal  supports  in 
assaying.  C  unites  directly  with  very  few  elements,  indirectly 
with  a  great  many.  In  combination  C  is  present  in  all  plants 
and  animals,  in  most  combustibles,  and  in  fats,  oils,  and 
carbonates. 

OXIDS. 

This  class  of  compounds  may  be  divided  into  neutral 
(water),    basic,  and  acid  oxids. 

Water,  IToO,  is  the  most  abundant  compound'  in  Nature. 
It  constitutes  65  or  70  per  cent.,  by  weight,  of  the  human  body, 
and  is  present  in  large  amounts  in  both  plants  and  animals,  and 
also  in  most  minerals  as  water  of  cn'stallization.  Like  air,  it 
was  thought  to  be  an  element  until  decomposed  with  electricity 
by  Lavoisier  in  1783.     It  occurs  in  Nature  in  three  forms,  being 
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solid  below  0**,  gaseous  above  100°    (at  sea-level),  and  liquid 
between  these  temperatures. 

Experiment. — Prove  that  dry  wood  contains  H2O  by  heating  a 
match  stick  in  a  glass  tube  sealed  at  one  end. 

Water  is  composed  of  n  and  0,  2  volumes  of  the  fonner  to 
1  of  the  latter,  the  3  volumes  becomin/^  condensed  to  2 ;  or,  by 
weight,  8  parts  of  0  to  1  of  H.  The  molooular  weight  of  H2O 
is  18 ;  density  of  water-vapor,  9. 

Experiment. — Decompose  H2O  by  electrolysis,  and  prove  identity 
of  gasea.    A  little  acid  hastens  the  process. 

Water  is  produced  in  four  ways:  1.  By  direct  union  of  11 
and  0  through  the  agency  of  electricity  in  a  eudiometer  or  by 
burning  H  in  air.  2.  By  oxidation  or  combusti(m  of  substances 
containing  H.  One  to  two  pounds  of  H2O  are  formed  daily  in 
the  human  body  in  this  way.  3.  By  the  action  of  an  acid  on 
a  base  or  metallic  oxid.  4.  In  the  reduction  of  a  metallic  oxid 
bvH. 

Pure  H2O  is  a  colorless,  tasteless,  odorless,  transparent, 
mobile  liquid.  In  large  quantities  it  appears  blue  or  green.  It 
is  773  times  as  heavy  as  air.  The  greatest  density  of  water  is 
at  4®  C,  at  which  point  it  is  taken  as  tlie  standard  of  specific* 
gravity.  Below  this  temperature,  as  well  as  above,  it  becomes 
lighter,  expanding  one-eleventh  in  changing  to  ice.  Tt  is  the 
most  universal  solvent,  and  hence  is  never  found  absolutely  pure 
unless  distilled.  It  is  a  poor  conductor  of  heat  and  eUH-tricity, 
though  better  than  air.  The  temporary  hardness  of  water  is  duo 
to  calcium  and  magnesium  bicarbonates,  which  on  heating  give 
off  CO2  with  precipitation  of  less  soluble  neutral  carbonates. 
Permanent  hardness,  which  persists  after  boiling,  depends  on  the 
presence  of  CaS04  and  MgS04. 

The  f.p.  of  H2O  is  raised  by  anything,  as  rise  in  altitude, 
which  diminishes  pressure;  and  the  same  circumstances  have 
the  effect  of  lowering  the  b.p.  Conversely,  the  b.p.  under  a 
y>res5ure  of  25  atmospheres  is  224°.  The  presence  of  salts  in 
solution  lowers  the  f.p.  and  raises  the  b.p.  When  water  frooz(»s 
it  forms  hexagonal  crystals,  best  seen  in  the  form  of  snow- 
flakes;  slight  agitation  favors  the  process  of  congelation.  \Vlu»n 
water  vai)orize8  it  expands  to  1700  times  the  former  vohuue; 
hence  the  power  of  steam.  The  great  superiority  of  stoam- 
steriliz^tion  over  hot-air  depends  on  the  great  amount  of  latent 
heat  in  steam. 

Water  is  a  ver}'  stable  compound,  dissociation  not  tiking 
place  under  1000®.  It  is  neutral  in  reaction,  and  is  tluTcforc 
u>e<l  very  largely  as  a  solvent  for  medicines  and  choniii'  re- 
agents. It  unites,  however,  with  metallic  oxids  to  form  bastes 
<»r  liydroxids,  and  with  negative  oxids  to  form  acids,  and  is 
decomposed  by  a  few  of  the  most  positive  metals  witli  evolution 
ofH. 

10 
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Deliquescent  substancea,  those  whicli  are  very  soluble  iu 
HaO  and  take  it  from  the  air  to  be  dissolved  in,  arc  used  in  the 
drying  of  gases  and  precipitates.  Examples  of  such  drying 
agents  are  CaCta,  H2SO4,  and  PjOa.  The  water  of  crystalliza- 
tion of  minerals  is  held  in  place  by  a  feeble  ehemic  union 
(hydration)  with  the  salt  proper  of  the  substance,  and  is  readily 
separated  by  heating  at  lUO"  to  120°,  or,  in  tlie  ease  of  efflores- 
cent substances  especially,  by  simple  exposure  to  the  air.  Many 
medicinal  mineral  salts  contain  a  large  proportion  of  water  of 
crystallization. 

Water  has  three  phases :  ice,  water,  vapor;  the  vapor  tension 
of  vapor  being  the  greatest.  Equilibrium  depends  on  pressure, 
temperature  and  concentration  of  components.  At  4.G  mm. 
pressure  and  0°  the  three  phases  of  water  are  in  equilibrium.  An 
invariant  system  is  one  in  which  the  number  of  phases  exceeds 
the  components  by  two,  and  any  variation  of  conditions  destroys 
equilibrium.  Water  and  vapor  are  a  univariant  system,  since  the 
number  of  phases  exceeds  the  components  by  one.  Vapor,  water 
or  ice  alone  forms  a  divariant  system,  having  two  degrees  of 
freedom,  the  phases  and  components  being  equal  in  number. 
Either  temperature  or  pressure  can  be  changed  witliout  destroy- 
ing equilibrium  within  a  certain  area.  The  critic  temperature 
or  pressure  is  that  above  or  below  which  water  cannot  exist  as  a 
liquid. 

Water  is  of  more  immediate  necessity  to  the  system  than 
IB  solid  food.  It  serves  in  the  body  to  assist  in  processes  of 
solution,  secretion,  excretion,  circulation,  and  the  regulation 
of  heat  by  evaporation.  Five  or  6  pints  daily  should  be  taken  by 
adults  in  food  and  drink. 

The  official  forms  of  water  are  as  follows :  Aqua  is  the  Latin 
name  for  natural  water.  Aqua  destillat^is  prepared  by  distilling 
1000  parts  of  pure  natural  water,  the  first  and  the  last  100  parts 
being  rejected  in  order  to  prevent  contamination,  in  the  first 
place  wi&  gases,  and  at  the  end  of  the  process  with  solid  matters. 
The  preparations  called  aqua;  are  solutions  in  distilled  H2O  01 
a  gaseous  or  volatile  substaDce.  Those  made  from  the  volatile 
oils  (peppermint,  anise,  etc.)  contain  1  minim  of  the  oil  to  each 
ounce  of  the  solvent,  solution  being  accomplished  with  the  aid 
of  talc.  Liquors  are  aqueous  solutions  of  fixed  and  solid  bodies: 
e.g.,  liquor  potassie,  liquor  calcis.  Decoctions  are  aqueous  solu- 
tions of  vegetable  substances,  prepared  by  placing  the  given  sub- 
stance in  boiling  water  for  tun  or  fil'teen  minutes.  Infusions  are 
vegetable  solutions  made  with  water  at  a  temperature  below  the 
b.p.  By  maceration  in  chemistry  is  understood  the  continued 
action  oq  a  substnuce  of  H2O  at  ordinary  temperatures;  when 
such  extraction  of  medicinal  agents  is  made  with  boiling  H2O, 
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the  procesa  is  termed  digestion.  The  aeparation  of  an  alkali  salt 
from  its  insoluble  impurities  is  called  lixiviation ;  leaching  allies 
ej:  ample. 
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These  are  solid  substances  obtained  by  burning  the  metal 
in  ait  or  heating  its  hydroxid  or  carbonate.  They  are  all  in- 
soluble as  such  in  water,  but  dissolve  in  acids  without  efferves- 
cence, forming  salts.  03:ids  of  the  alkalies  and  alkaline  earths 
combine  with  HgO  to  form  hydroxids,  which  are  more  or  less 
soluble.  Oiids  (not  MgO  or  AljOg)  are  reduced  by  heating 
with  powdered  charcoal  or  by  passing  a  current  of  dry  H  over 
them  when  heated  to  redness.  Peroxids  are  ready  oxidizing 
agents.     Lower  oxids  are  tenned  oxydula. 

IdeBtUcmtlon  of  Oxlds. — Maintj  by  negative  rcactioDs.  No  change 
when  heatM  atone,  except  UgO  (volatilizes  and  separates  into  elemeots) 
and  Ago.  Au.^03  and  PtO,  (leave  metal). 

After  dissolving  in  an  acid  and  removing  metal  with  H^S  or 
NouCOi,  no  acid  rndicnl  is  found  except  that  of  solvent.  Boiling  or 
(osion  with  alkalies  is  also  negative. 

Pcroxiils  give  off  O  when  strongly  heated,  and  evolve  CI  when 
heated  with  HO. 

Potassium. — This  metal  has  three  oxids,  the  monoxid, 
K2O;  perosid,  EO2;  and  suboxid,  K^O.  The  first  is  a  white 
powder  obtained  by  heating  the  metal  in  dry  air.  It  becomes 
red  hot  when  moistened  with  H2O.  The  second  is  a  yellow 
inasa  obtained  by  heating  the  metal  in  excess  of  0.  When  the 
metal  is  burned  in  insufficient  air  an  unstable  blue  compoimd, 
K4O,  is  formed. 

Sodium. — The  monoxid,  NaaO,  is  a  gray  mass  combining 
violently  with  H2O.     The  peroxid,  NaaOj,  is  a  very  caustic, 
ligbt-yailow  powder,  used  as  an  oxidizing  and  bleaching  agent. 
Cto  mixing  with  H2O  it  yields  about  20  per  cent,  of  0. 
NaaOa  +  H2O  =  2NaH0  +  0 

Lithium. — LijO  is  a  white  crystalline  mass  uniting  with 
HjO  to  form  LiHO. 

Caldcm. — CaO  (lime,  quicklime,  calx)  is  obtained  by  burn- 
ing limestone  with  alternate  layers  of  fuel  in  a  kiln. 
CaCOs  =  CaO  -f  CO2 

It  is  a  gray-white,  infusible  solid,  with  a  sharp,  caustic, 
alkaline  taric.  It  is  a  good  drying  agent,  and  is  used  in  many 
indnsttiee.  In  the  oxyhydrogen  flame  a  stick  of  lime  produces 
the  intensely  white  Draiumond.  or  calcium,  light.  On  exposure 
to  the  air  lime  slakes:  that  is,  becomes  convertpd  into  a  mixture 
of  hydrate  and  carbonate  by  absorption  of  1120  and  COj. 

Stmatiiuii.^ — SrO  is  a  gray-white  powder  used  in  sugar 
maaulactare.     Sr02  appears  as  a  light,  white  powder. 
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Bariain. — ^BaO  is  a  light-gray,  porous  mass  used  in  the 
manufacture  of  0.  Ba02  is  a  light-gray  or  yellowish,  coarse 
powder  used  for  the  preparation  of  H2O2. 

Magnesium. — Magnesia,  MgO,  is  prepared  on  a  large  scale 
by  calcining  at  a  red  heat  the  carbonate,  the  light  (calcined) 
or  heavy  (ponderosa)  variety  being  formed  according  as  the 
light  or  heavy  carbonate  is  used.  Heavy  MgO  is  also  made  by 
rubbing  the  light  variety  in  the  presence  of  alcohol.  Compact 
magnesia  is  made  by  heating  the  nitrate  or  chlorid  just  to  bright 
redness.  MgO  is  a  loose,  white  powder  of  an  earthy  taste.  The 
official  light  magnesia  is  3V1>  times  as  bulky  as  the  same  weight 
of  heavy  magnesia.  MgO  is  used  as  a  face-powder,  an  antacid 
laxative,  and  an  antidote  for  arsenic  and  corrosive  acids.  It  is 
nearly  insoluble  in  HoO,  with  which  it  forms  the  hydrate,  which 
is  dissolved  by  NH4CI  (used  to  separate  Mg  from  Ca).  A 
mixture  of  compact  JlgO,  HoO,  and  chalk  or  iparble-dust  is  used 
as  a  filling  for  decayed  teeth. 

Zinc. — ZnO  is  a  white,  floury  powder  much  used  in  astrin- 
gent ointments  and  also  in  paints;  it  does  not  darken  with  HoS. 
it  turns  yellow  on  heating.  It  is  used  as  a  source  of  other  Zn 
compounds.    The  purest  ZnO  is  made  by  igniting  the  carbonate. 

Dontal  cements  are  made  with  dehydrated  ZnO  as  a  basis 
and  a  licjuid.  The  cement  commonly  employed  is  oxyphosphate, 
a  solution  of  ZnO  in  pure  glacial  phosphoric  acid.  Oxychlorid 
cement  consists  chiefly  of  ZnO  and  a  solution  of  ZnCU  (sp.  gr., 
1.5) ;  oxysulphate,  of  ZnO  and  ZnS04  in  powder  and  ZnCl2  so- 
lution, or  solution  of  gum  arable  and  a  little  CaSOs-  The 
powder  and  liquid  are  mixed  thoroughly  on  glass  or  porcelain 
with  a  stiff  spatula  until  a  putty-like,  elastic,  non-adhesive  mass 
is  produced.  Silica,  borax,  and  ground  glass  are  often  added 
to  make  "set"  mass  harder  and  less  contractile.  The  various 
shades  of  color,  from  light  cream  to  dark  yellow,  are  secured 
by  proper  manipulation  of  the  heat  in  calcining  the  ZnO:  dark 
yellow  requires  a  white  heat  for  two  hours.  Dental  cements 
are  broken  up  by  either  alkalies  or  acids.  Oxyphosphate  is  the 
most  durable  cement.  The  oxychlorid  is  irritant,  but  some- 
what antiseptic,  and  is  used  for  lining  cavities  prior  to  filling. 
Oxysulphate  is  non-irritant,  but  deficient  in  hardness,  and  is 
used  for  protecting  pulps.  All  cements  are  more  or  less  porous. 
Porcelain  cuttings  for  dental  cavities  are  put  in  with  cements. 

Experiment.  Oxyphosphate  Cement. — ^To  prepare  powder  weigh 
out  45  gin.  of  crude  ZnO,  moisten  with  HNO3,  and  apply  gentle  heat, 
constantly  stirring  with  glass  rod  until  brown  fumes  cease.  Then  trans- 
fer powder  to  clean  clay  crucible  and  apply  white  heat  in  furnace  for 
an  hour  or  two.  Remove  from  furnace,  pulverize  in  mortar,  sift  through 
fine  cloth,  and  bottle  in  three  equal  parts.  To  prepare  liquid  add  a  few 
pieces  of  ^hieinl  phosphoric  acid  to  10  or  15  c.c.  of  distilled  H2O  in  test- 
tube;  heat  gently  from  time  to  time,  adding  more  acid  till  liquid  is  like 
glycerin  in  consistence;  then  filter  and  bottle.  To  make  the  cement 
pour  liquid  and  solid  near  each  other  on  mixing  plate,  adding  tba  powder 
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KtUe  b^  lilUe  to  the  liquid  and  spatulating  until  s  homageneoua  maaa 
is  obtained. 

Experlmeiit.  Oxjrehtorid  Cement. — To  10  grn.  of  calcined  ZnO  add 
and  mu  thoroughly  0.1  gra.  of  borax  and  O.S  gm.  of  silica.  Calcine  in 
e\ay  crut^ible  in  fuTnacp  at  bright-red  heat  for  a  half-hour  or  more; 
tlien  Temove,  pulverize,  sift  and  bottle.  For  the  liquid  portion  disBOlve 
granular  2n  piece  by  piece  in  10  c.c.  of  HCl,  and  heat  gently  till  acid  is 
■atuntt'd;  then  filler  through  glass  wool  and  preserve  in  w^ll-itoppered 
bottle.    The  mixing  prooeas  is  the  same  as  for  oxyphosphate. 

Esp«rfiuciit.  OxysiLlphate  Cement. — Mix  10  gin.  of  calcined  ZnO 
wiih  4  gm.  of  dry  ZnSt)4.  Place  mixture  Jn  clay  crucible  and  calcine  in 
furnace  as  for  o.iyohlorid ;  tjien  pulverize,  sift,  and  bottle.  The  liquid 
portion  is  abtAtned  by  dissolving  2  gm.  of  ZnCI^  in  10  c.c.  of  HjO.  In 
muing  the  tuo  portions  the  powder  is  added  only  until  a  cream-like 
moss  is  obtAioed. 

Copper. — The  cuprous  compound,  CuaO,  is  a  red  powder, 
Mluble  in  NH^HO.  It  is  used  to  give  a  red  eglor  to  glass. 
Cupric  oxid,  CuO,  is  an  amorphous,  dark-brown  or  yellow  pow- 
der, soluble  in  NH^HO.  In  the  presence  of  organic  substances 
it  gireB  up  0  readily,  and  is  much  employed  in  organic  analysis. 
It  is  also  the  coloring  matter  in  artificial  emeralds.  CuO  forms 
with  H3FO4  a  hard  and  tenacious  black  mass  sometimes  used 
as  a  filling  for  teeth. 

Experiment.^ — -Hent  in  a  hard  tube  a  pinch  of  sugar  with  about  ten 
limes  as  much  CuU  until  a  coppery  residue  shows  reduction. 

Hercniy. — HgaO  is  a  dark-brown  powder  used  in  medicine 
as  "black  wash,"  made  by  the  reaction  between  calomel  and  lime 
*rat«r,  4  grains  to  the  ounce. 

HgjCla  -f  Ca(H0)2  =  HgsO  +  CaCIj  -f  HgO 
Both  oxida  are  used  cKtenaively  in  medicine. 
Experiment. — Make  lotio  nigra  and  lotio  flava  as  above  described. 

Alnminnm. — AUOg.  or  alumina,  is  found  native  in  hard 
crretalline  minerals,  and  is  made  commercially  from  bauxite  by 
the  action  of  HjSO^.  or  of  NajCOy.  It  is  a  light,  white,  odor- 
less, and  tasteless  powder,  little  acted  on  by  acids  or  alkalies. 

Tin. — SnO  is  a  brown  or  white  powder.  SnOj  is  a  fine, 
white  or  buff  powder,  used  as  a  polishing  agent  under  the  name 
of  ptittv  powder. 

tttli— The  fiubo.xid,  Pb20.  is  a  soft,  black  powder.  The 
official  monoxid  is  in  two  varieties ;  massicot,  prepared  bv  beat- 
ing the  carbonate  or  hydrate  to  low  redness,  and  litharge,  a 
by-product  in  dcailvering  lead-ores.  Both  are  yellowish,  but 
litharge  is  more  inclined  to  red.  They  saponify  fixed  oils  and 
fata.  Litharge  has  extensive  use  in  the  manufacture  of  flint 
glass,  in  drying  paints,  glazing  earthenware,  and  sweetening 
lianors,  in  lead  plasters,  and  as  the  chief  source  of  other  Pb 
•tits.  The  sesqnioxid,  Pb^Os.  is  also  a  reddish -yellow  powder. 
Rfd  Iwid,  minium,  PbgO^,  is  obtained  by  carefuHv  heating 
(at  900°)  litharge.     It  is  used  as  a  pigment  and  in  flint  glSEs 
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and  cemente.  The  peroxid  or  puce  oxid,  PbOa,  is  a  chocolate- 
brown  powder  used  as  an  oxidizer  and  left  as  a  residue  from  red 
lead  when  this  is  heated  with  HNO3.  Oxids  of  Pb  are  Bome- 
timea  used  to  color  artificial  teeth. 

Experiment.— Prove  double  compoHition  of  red  lead  by  adding  to 
a  litt1<^  in  a  teat  tube  6  times  its  volume  of  dilute  UNO3.  FbO  is  dis- 
solved, leaving  a.  dark-brown  residue  of  PbOj. 

Bismuth. — The  only  oxid  of  interest  is  BiaOg,  a  yellow, 
fusible  powder,  prepared  by  roasting  other  salts  of  Bi.  It  is 
employed  in  making  opera -glasBes,  for  which  purpose  it  eur- 
paesee  Pb. 

Chromiiun. — CrOg  {"chromic  acid")  apoears  in  brown-red 
needles,  blackening  temporarily  on  heating.  On  account  of  its 
great  avidity  for  HoO,  it  ia  escharotic,  and  is  used  in  l-per- 
cent.  solution  aa  a  hardening  ngent.  It  is  an  energetic  labora- 
tory oxidizer,  and  hence  should  never  be  prepcribed  with  oxidiz- 
able  substances. 

Experiment .^Four  abeolute  aloohol  on  a  few  crystals  of  CrOa,  or 
lay  a  crystal  of  CrOg  on  a  pledget  of  cotton  moistened  with  absolute 
alcohol.     Spontaneous  ignition  takes  place — more  rapidly  when  warmed. 

Cr20a  (chromic  oxid)  ia  a  dark-green  powder  used  for  col- 
oring glass,  porcelain,  enamels,  and  artificial  teeth  (modifies 
yellow  of  Ti02). 

Manganese.' — MnOa,  the  black  oxid,  is  used  in  the  labora- 
tory in  tlie  preparation  of  0  and  Ci.  It  imparts  an  amethyst 
or  purple  color  to  glass  and  dental  frit,  and  is  utilized  to  re- 
move by  oxidation  the  green  color  (due  to  iron-sand)  of  com- 
mon glass.  MnOa  is  added  to  clay  for  bricks  to  impart  a  gray 
color.  It  ia  compressed  in  cylinders  as  the  negative  element  of 
the  Leclanch6  cell.  It  ia  the  usual  source  of  other  Mn  com- 
pounds, and  imitea  with  stronger  bases  to  form  manganatos. 

Iron. — Ferric  oxid,  Fe20.i,  is  obtained  as  a  residue  in  dia- 
tilling  fuming  sulphuric  acid  from  green  vitriol.  It  is  a  dark- 
red  powder  used  in  paints,  and  as  a  polishing  agent  under  the 
names  jewelers'  rouge,  colcothar,  and  caput  mortuum.  FerroBO- 
ferric  oxid,  Fe304,  is  the  natural  black  magnetite  or  lodestone, 
and  is  the  chief  constituent  of  "blacksmiths'  scales."  Barff's 
process  for  preventing  rusting  of  iron  consists  in  coating  the 
article  with  a  film  of  FegO^  (prevents  further  oxidation),  pro- 
duced by  a  current  of  steam  passed  for  a  few  minutes  over  the 
iron  raised  to  a  red  heat. 

Gold. — AujO,  aurous  oxid,  is  a  dark-violet  powder ;  AU2O3, 
auric  oxid,  a  dark-brown  powder.  AuoOg  and  PtOj  lose  their  0 
at  low  red  heat.  The  purple  of  Cassius.  a  compound  of  Au,  Sn 
and  0  (or  a  suspension  of  fine  red  gold  in  Sn[0H]4),  is  used 
for  the  gum  color  of  porcelain  teeth  and  to  impart  a  red  color  to 
glass  and  porcelain. 
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SilTcr. — ArgentouB  oxid,  Ag40,  ia  a  black  lustrous  mass 
obtained  by  heating  AgaCgHsOT  to  100°  and  at  same  time  sub- 
jecting to  H.  Argentic  oxid,  AgaO,  ia  produced  by  reaction  of 
hydroxida  on  AgNOa.  It  is  a  heavy,  blackish,  amorphous, 
slighdy  Golubie,  oxidizing  powder.  Highly  esplosive  crystals  of 
BertholIet'B  fulminating  silver  are  produced  by  dissolving  AgoO 
in  strong  NHjHO  and  diluting  with  H2O.  Theperoxid,  AgaOj, 
ifl  even  stronger  as  an  oxidizer  than  AgaO. 

Xitcellaneoas. — CoO  and  NiO  are  both  green  powders. 
OeO<  ("osmic  acid")  is  a  delicate  histologic  stain  (1  per  cent.) 
for  fat  {stains  black  hy  reduction  to  lower  oxid).  Oxids  of  Th, 
Ce  and  Zr  are  used  for  the  mantles  of  incandescent  gas-lights. 
ThOg  is  the  white  powder  left  as  a  coherent  mantle  on  firing 
the  cotton  netting  of  a  Welsbach  mantle  saturated  with  nitrate. 

NOH-KZTAZJJC  OZISS. 

These  are  gases,  liquids,  or  solids  composed  of  0  united 
to  eome  electronegative  element.  Many  of  them  are  termed 
onliydrids,  since  they  join  with  water  to  form  acids.  Some  of 
them,  as  AsaOg,  are  improperly  termed  acids. 

Hali^eui. — Three  oxids  of  CI  are  known :  namely,  mon- 
oiid,  ClnO;  trioiid,  CUOg;  and  tetroxid,  or  peroxid,  CI2O4. 
They  are  all  heavy,  greenish-yellow  gases,  with  strong,  irritating 
odors,  and  easily  condensed  to  reddish  liquids.  In  combination 
with  H2O  the  first  and  second  form,  respectively,  hypochlorous 
and  chlorous  acids.  On  account  of  the  slight  affinity  of  0 
for  CI,  they  are  very  unstable,  and  ignite  or  explode  easily. 

ExpcTlment.  To  niastrate  One  Form  of  Spontaneous  Gombnstion. 
—To  k  little  KCIU,  in  a  beaker  add  a  few  drops  0!  H^SO^.  When  the 
bfAker  IB  about  filled  with  the  greenish  gaa,  drop  into  it  a  amftl]  piece 
ol  tiisne-paper  Mturated  with  turpentine. 

No  oxids  of  Br  or  F  are  known.  The  only  oxid  of  I  is  the 
pentozid,  I2O5.  This  is  a  white,  crystalline  powder,  very  sol- 
uble in  water,  with  which  it  forms  iodic  acid,  HIO3. 

Sulphur. — Four  oxids  are  known ;  seequioxid,  S2O3 ;  dioxid, 
S02 ;  trioxid,  SOa ;  and  heptoxld,  S2O7.  The  first  and  last  are 
of  no  practical  interest.  SO3  is  formed  whenever  S  is  burned 
in  air.  One  kgm.  of  S  produces  100  liters  of  SO2.  It  may  be 
nude  pare  by  heating  together  S  and  H2SO4. 

S  +  2H2SO4  =  3S02  +  SHaO 

Another  laboratory  method  is  to  heat  H2S04  with  C  or 
Cm.  A  convenient  method  of  generating  SOj  ia  by  treating 
CaSOs  cubes  with  HCl. 

SO2  forms  a  large  percentage  of  volcanic  vapors,  and  is 
abundant  in  the  air  of  large  cities  from  combustion  of  coal 
in  stoves  and  furnaces.  It  is  a  colorless  gas  with  a  suffocating 
mlphnrous  odor,  and  is  very  hygroscopic,  43V^  volumes  dissolving 
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in  1  part  of  HoO  at  20**.  It  is  neither  combustible  nor  a  sup- 
porter of  combustion,  but  reduces  0  compoimds  actively.  It 
removes  fruit  stains.  It  bleaches  straw,  wool,  and  silk  in  the 
presence  of  water,  by  combining  with  the  0  of  H2O,  leaving  H 
free  to  unite  with  the  0  of  the  organic  coloring  matter;  the  color 
may  l)c  restored  by  neutralizing  with  an  alkali.  Tjarge  quantities 
of  SOo  are  evolved  in  bakers'  ovens  and  in  the  refining  of 
petroleum. 

Experiment. — Place  some  fresh  flowers  on  a  tripod,  and  ignite  a 
little  S  beneath,  covering  the  whole  with  a  bell  jar.  The  flowers  are 
bleached,  but  may  have  their  color  restored  by  washing  with  a  dilute 
alkali  (removes  S0.>)  or  with  very  dilute  HNO3  (restores  O  removed  by 
SOo). 

As  an  anhydrid  SOo  decomposes  NH3,  ptomains,  sulphids,  and  HoS, 
and  kills  bacteria.  It  is  extensively  used  for  fumigation  of  sickrooms 
and  in  preserving  meats.  Aside  from  its  odor,  SOo  is  detected  with  paper 
saturated  in  solution  of  KIO3  and  starch,  which  turns  blue,  but  is 
bleached  by  excess  of  gas. 

2Ki03  +  5SO2  +  4H2O  =  2KHSO4  +  I2  +  3H2SO4 

SO3  is  prepared  most  readily  from  fuming  Nordhausen 
acid  by  application  of  heat,  as  follows : — 

IIoSoOt  =  H2SO4  +  SO3 

SO3  appears  in  long,  silky,  transparent  prisms,  and  is  used 
in  the  manufacture  of  alizarin  and  for  dissolving  indigo.  With 
lIoO  it  combines  energetically  to  form  H2SO4.  The  haze  over 
large  cities  is  partly  due  to  decomposition  by  sunlight  of  SO2 
(from  combustion)  into  SO3  and  free  S. 

Nitrogen. — ^There  are  5  oxids  of  N:  namely,  N2O,  N2O2 
(NO),  N0O3,  N2O4  (NO2),  and  N2O.V  All  are  unstable  and 
easily  dissociated  by  heat.  They  are  formed  in  Nature  by  the 
passa^re  of  electricity  through  the  atmosphere. 

X2O  (nitrous  oxid,  or  laughing-gas)  was  discovered  by 
Priestley  in  1772.  It  is  prepared  bv  cautiously  heating  (be- 
tween 210°  and  250**)  NH4NO3,  which  breaks  up  as  follows:— 

NH4XO3  =  NoO  +  2H2O 

For  anesthetic  use  NoO  sliould  be  purified  of  the  higher 
oxids  by  passing  the  gas  through  two  wash-bottles,  one  containing 
NallO,  the  other  FeS04.  NoO  is  a  colorless,  odorless  gas  of 
sweet  taste,  soluble  in  a])Out  1  volume  of  IToO.  It  is  a  decided 
<lisiiif*ectaiit  and  a  supporter  of  combustion,  parting  readily  with 
its  ().  It  has  received  the  name  laughing-gas  because  of  the 
exliilarating  eifects  it  iirst  evokes  when  inhaled.  N2O  is  much 
used  by  dentists  as  a  pleasant  and  safe  anesthetic  for  diort  opera- 
tions. It  is  kept  for  convenience  in  the  liquid  state  (30  atmos- 
pheres at  0°)  in  wrought-iron  cylinders,  vaporizing  as  soon  as 
the  pressure?  is  removed.  It  must  be  used  with  access  of  air  or 
0  (20  per  cent.).  Blood-pressure  is  much  augmented  under 
NoO.     Alarming  symptoms  are  best  treated  with  fresh  air  or  0 
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and  stimulants.     Liquid  laughing-gas  is  a  useful  refrigerant 
agent. 

Experiment. — ^Make  ^2^  ^^^  ^^^  properties. 

Nitric  oxid,  1^202,  is  prepared  by  the  reduction  of  HNO3 
with  metals : — 

Experiment. — Pour  HNO3  on  Cu,  forming  N2O2,  a  colorless  gas, 
which  in  contact  with  the  O  of  air  becomes  N0O4:  an  oxidizing  agent 
characterized  by  red  fumes.    This  is  also  a  test  for  HNO3. 

3Cu  +  8HN03  =  3Cu(N03)2  +  N2O2  +  4HoO 

1^203  is  a  dark-blue  liquid,  made  by  warming  HNO3  with 
starch.  It  combines  directly  with  HoO  to  form  HNO2.  N2O5 
is  a  white,  crystalline  solid,  obtained  by  treating  dry  AgNOs 
with  CI.     It  has  a  strong  affinity  for  HoO,  with  which  it  forms 

HNO3. 

Phosphorus. — ^The  oxids  of  P,  P2O3,  and  P20r„  respectively, 
are  formed  by  the  slow  oxidation  and  by  the  rapid  combustion 
of  P.  The  former,  a  white  amorphous  powder  with  garlicky 
odor,  imites  with  H2O  to  form  phosphorous  acid,  H0PHO3,  the 
salts  of  which,  termed  phosphites,  are  of  no  medical  interest. 
The  white  fumes  of  P2O5  have  an  eager  affinity  for  HoO,  form- 
ing with  it  metaphosphoric,  pyrophosphoric,  or  orthophosphoric 
acid,  according  as  1  molecule  of  the  gas  unites  with  1,  2,  or  3 

molecules  of  H20« 

Boron. — ^6203  is  generally  prepared  by  heating  boric  acid 
to  redness : — 

2H3BO3  =  B2O3  +  3H2O 

It  is  a  colorless,  vitreous  solid,  and  is  used  in  blowpipe 
work  to  convert  nitrates,  carbonates,  and  other  salts  into  borates. 

Silicon. — A  grain  of  sand  is,  chemically  speaking,  silica, 
silex,  or  oxid  of  silicon,  SiOo,  of  which  there  are  three  varie- 
ties (two  crystalline,  one  amorphous)  mentioned  under  ores. 
It  is  verv  abundant  in  rocks  and  soils,  and  is  found  in  traces 
in  all  natural  waters.  Silica  gives  stiffness  to  stalks  of  grain 
and  grass,  and  is  present  in  the  blood,  hair,  and  bones  of  mam- 
mals. In  the  "petrified  wood^'  found  in  Colorado  and  Arizona 
the  C  of  former  submerged  forest-trees  has  boon  replaced  by 
Si02  (sometimes  lime  salts).  Quartz  is  soluble  only  in  HF. 
The  other  varieties  of  Si02  are  also  soluble  in  boiling  solutions 
of  alkaline  hvdroxids  or  carbonates. 

All  forms  of  silica  find  extensive  industrial  uses,  partic- 
ularly in  the  manufacture  of  glass,  pottery,  and  artificial  toetli. 
Agate  is  used  for  the  hardest  mortars.  Kiescljcruhr,  or  diatom- 
aceous  earth,  is  an  amorphous  form  of  SiOo  used  as  an  ab- 
sorbent for  nitroglycerin  in  the  production  of  dynamite.  A 
little  sand  sprinkled  on  the  hot  iron  aids  the  process  of  welding 
hy  forming  with  the  surface  oxid  a  fusible  slag. 
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Experiment. — Heat  before  blowpipe  a   bead   of   i 
touched  with  a  minute  grain  of  sand,  and  note  "silica  Bkeleton"  formed 

Carbon. — Carbon  monoiid,  CO,  is  a  colorless,  almost  odor- 
less, gaseous,  unsaturated  compound  produced  by  incomplete 
combufition  of  C  or  carbonaceous  fiubstaueea  in  a  deficient  sup- 
ply of  0.  It  is  formed  in  base-burner  stoves  at  night,  when  but 
little  air  is  allowed  to  enter  the  stove;  also  when  there  is  a 
defective  draught.  The  gas  bums  with  a  bluish  flame,  forming 
COj.  It  is  an  active  reducing  agent.  C  bums  directly  to  CO 
at  1000° ;  hence  the  latter  is  produced  in  blast  and  electric  fur- 
naces (gassing) ;  also  (rom  blasting  in  mines,  lamps  turned  low, 
imperfect  dampers,  open  stove-lids  and  grate  Bres. 

Biperiment.— Make  CO  by  warming  1  port  K^Fe(CN)a  with  B 
parts  of  H^SOj. 

K4Fe(CN)c  +  0II2SO4  +  flII:,0  =  2KjS04  +  3(NH4l2S04 
+  FeS04  +  aCO 

CO2  was  the  first  gas  to  be  separated  from  air,  this  event 
taking  place  in  the  seventeenth  century.  Pure  countrj'  air  con- 
tains 4  parts  of  CO2,  by  volume,  in  10,000.  The  amount  in  the 
atmosphere  is  greatest  at  night.  More  than  'i'  parts  in  10,000 
are  oppressive  and  injurious.  This  gas  is  also  present  in  al! 
natural  waters,  being  most  abundant  in  certain  mineral  springs; 
also  in  beer-  and  wine-vats;  and  is  the  "choke-damp,"  or  "after- 
damp," of  wells  and  mines.  It  is  produced  by  burning  C  with 
a  free  supply  of  air;  also  by  respiration  (expired  air  contains  4 
to  5  per  cent.),  ordinary  fermentation,  and  the  oxidation  and 
decay  of  organic  matter.  One  acre  of  good  garden  land  in  the 
course  of  a  summer  evolves  more  than  16  tons  of  CO^.  An 
ordinary  lamp  sets  free  in  burning  as  much  CO2  as  an  adult  per- 
son ;  a  gas-j'et  two  to  four  times  as  much.  Artificially  CO2  is 
prepared  by  action  of  any  common  acid  (mineral  ones  usually 
employed)  on  a  carbonate. 

EipeTlment.— Make  COj  by  treating  NajCOg  with  HCl,  and  teat  gns 
by  passing  into  lime  water.  Notice  that  the  lime  water  bet«mea  at  first 
cloudy,  and  then  again  when  aureharged  clear,  owing  to  the  formatian 
of  the  mote  soluble  acid  carbonate  of  Ca. 

CO2  is  a  colorless  gas  with  a  sharp  taste  and  acid  smell.  It 
tnms  blue  litmus  purple  or  wine-red,  the  blue  color  being  re- 
stored by  heat.  Although  it  is  half  again  as  heavy  as  air  at 
the  same  temperature,  the  foulest  air  in  a  livins-room  is  next  the 
ceiling,  because  of  the  warming  by  the  blood  of  the  exhaled  gas, 
and  also  since  ventilation  is  usually  less  perfect  at  the  top  of  the 
room.  In  wells  and  mines  the  gas  is  most  abundant  at  and 
near  the  bottom.  The  CO;  liberated  from  the  rootlets  of  plants 
etches  limestone  and  sandstone  but  not  aluminum  phosphate. 

CO2  is  sohihle  in  1  volume  H^O  with  chcmic  union,  form- 
ing H2C03.     The  popular  beverage  known  as  soda-water  con- 
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Uins  -5  Tolumee  of  tliis  gas  to  1  of  water.  The  gas  k  forced 
in  under  pressure,  which  is  relieved  for  each  glass  of  the  liquid 
drawn,  with  consequent  effervescence.  CO2  for  soda-water  is 
now  Bold  liquefied  by  a  pressure  of  40  atmoapherea  in  steel 
cylinders.  On  evaporation  tliis  liquid  produces  intense  cold 
( — 110°).  When  the  iron  container  of  liquid  CO2  is  inverted 
nnd  the  content  is  allowed  to  escape  into  a  bag  of  chamois 
(several  thickneBsea),  bound  to  tlie  outlet,  a  snow-white  solid  is 
lonned  which  is  used  for  treating  by  congelation  warts,  calluses, 
eenile  keratoses,  nevi,  lupus  erythematosus  and  small  snperlicia! 
epithelioma.  Many  mineral  waters  are  artificially  carbonated. 
This  CO2  IB  a  stimulant  to  gastric  secretion  and  niovements  but 
may  depress  appetite. 

CO2,  being  an  acid  gas,  has  marked  affinity  for  alkaline 
folntions. 

Experlment.^^how  absorption  of  COj  b;  alkaline  hydroxide  by 
adding  to  test-tube  or  jnr  of  ^s  a  Eolulion  of  IvHO  and  ehnking  well, 
tten  lemove  stopper  under  water,  Dud  the  tatter  rushes  in  to  take  the 
place  of  absorbed  gas. 

CO2  19  neither  combustible  nor  a  supporter  of  combustion, 
aod  is  used  to  some  extent  as  the  "chemie  fire-extinguisher." 

Experlmeat.^-lnveTt  cnndle  into  jnr  of  COj.  Bum  a  strip  of  Mg 
in  the  BUne  jar  and  note  brilliancy  of  Qotne  ( inmndeecent  MgO)  and 
bUdc  particles  of  C  formed. 

Zxperfnient. — Light  candle  again  nnd  plttce  under  bell  jar  filled 
with  »]t.     When  COj  amounts  to  12  per  cent,  the  light  goes  out. 

Hydrogen. — Hydrogen  peroxid,  H2O2,  is  a  colorless,  syrupy 
Uqoid  (sp.  gr.,  1.45),  with  a  sharp  odor  and  tingling,  metallic 
taste  (due  to  a  trace  of  HgPOi).  It  is  very  soluble  in  ether  and 
water.     It  is  usually  prepared  as  per  the  following  equation : — 

SBaOj  +  SHgPO,  ^  Ba3(P04)2  +  SHaOj 
or  more  easily  by  passing  CO2  into  aqueous  suspension  of  Ba02- 
Other  acids  may  be  used.     It  is  concentrated  by  evaporating  at 
not  above  GO".     In  concentrated  fonn  for  use  as  a  bleaching 
agent,  it  is  prepared  by  the  action  of  dilute  acids  on  NanOa- 

It  corrodes  metals  nnd  decomposes  readily  into  HjO  and 
nascoDt  or  atomic  0.  on  exposure  to  air  and  sunlight,  and  espe- 
cially when  heated ;  hejice  it  is  a  strong  oxidizer,  and  should  be 
kept  in  a  cool  place  well  stoppered. 

Xxpcrlnent.— Prm-3  oxidizing  action  of  HgOn:  To  a  little  H^O^ 
■dIvUod  add  a  drop  snch  of  KiOrO,  and  HjSO^  and  a  little  ether,  and 
■hake     A  Wan  color,  due  to  perchromic  acid,  results. 

On  account  of  its  unstable  character,  HnOs  should  not  be 
prrecribcd  witli  any  other  substance  than  HjO.  The  ordinary 
Bolntiona  of  thia  compound  vary  in  strength  from  1  to  10  vol- 
umeB  of  available  0  or  up  to  3  per  cent,  hy  weight  of  pure  dioxid. 
~    'u  acid,  acetanilid,  and  glycerin  are  of  value  as  preservatives 
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for  these  preparations.  The  peroxid  is  much  employed  for 
bleaching  wool,  teeth,  and  hair  (combined  with  we«i  alkalies) 
and  for  cleansing  (brightens  old  books  and  pictures)  and  anti- 
septic purposes.  It  is  particularly  useful  in  treating  abscess 
cavities ;  tlie  chemic  action  that  ensues  drives  out  the  pus  with 
effervescence.  It  also  eflfervesces  with  blood,  saliva^  and  other 
organic  substances. 

A  solution  in  ether  is  called  ozonic  ether.  Some  H2O2  is 
formed  in  growing  plants,  but  quickly  decomposes  into  HoO 
and  0. 

Special  Test. — H2O2  gives  a  blue  color  with  a  solution  containing 
starch,  KI,  and  FeS04. 

2KI  +  1^1 2O2  =  2KH0  +  I2 

Arsenic. — AsoO.s  (arsenous  oxid,  white  arsenic)  was  known 
as  early  as  the  eighth  century.  It  is  the  "arsenic  bloom**  of 
miners,  and  is  obtained  as  a  side-product  in  roasting  ores  con- 
taining As.  The  powder  has  a  sweetish,  disagreeable,  metallic 
taste.  It  volatilizes  at  218°.  It  is  usually  a  mixture  of  vitreous 
and  crystalline  (porcelain  like)  varieties;  the  vitreous  becomes 
crystalline  by  absorption  of  H2O.  Its  solubility  varies  with  the 
physic  condition,  the  amorphous,  glassy  variety  requiring  but 
30  parts  of  cold  water,  whereas  the  opaque,  crystalline  form  is 
dissolved  by  not  less  than  80  parts.  Without  boiling,  a  fluid- 
ounce  of  cold  water  will  dissolve  only  %  to  %  grain  A82O3.  The 
solubility  of  either  variety  is  greatly  increased  by  the  addition 
of  a  little  HCl  or  alkali.  It  is  also  soluble  in  5  parts  of  glycerin. 
It  is  much  used  in  medicine  and  dentistry;  in  embalming, 
taxidermy,  manufacture  of  green  colors  and  opaque  white  glass; 
as  a  preservative  against  worms  in  ship-building,  and  as  an  in- 
secticide spray  for  trees  and  shrubs;  in  calico-printing,  and  as 
the  source  of  all  As  compounds.  AS2O3  is  used  largely  in  den- 
tistry as  a  devitalizing  agent,  usually  mixed  with  morphin  or 
cocain  and  creosote,  oil  of  cloves  or  phenol,  sealed  in  with  gutta- 
percha or  other  protective.  It  ^Tcills  the  nerve**  by  causing  such 
an  irritant  congestion  of  the  pulp  as  to  lead  to  strangulation  of 
the  vessels  at  the  apex  of  the  tooth.  It  is  used  by  "cancer 
specialists'*  as  an  escharotic  to  "eat  out**  these  tumors.  Liquor 
acidi  arsenosi  is  a  1-per-cent.  solution  of  AS2O3  in  water  con- 
taining 5  per  cent,  of  dilute  HCl. 

AS2O5  (arsenic  oxid)  is  of  little  medical  interest;  it  is 
usually  prepared  by  warming  A62O3  with  HNO3.  Both  this 
oxid  and  arsenic  acid  are  used  as  oxidizing  agents  in  the  prepara- 
tion of  anilin  colors. 

Antimony. — ^The  trioxid  is  a  heavy,  light-gray  powder,  in- 
soluble in  HNO3,  but  readily  dissolved  by  HCl,  warm  H2C4- 
II4O6,  or  KHC4H4O6.  It  is  used  in  preparing  tartar  emetic 
and  as  a  substitute  for  white  lead. 
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nroBGAinc  acids. 

These  are  strongly  acid,  as  a  rule,  and  attack  most  metals, 
forming  salts,  with  evolution  of  H.  Fuming  acids  (HNO3, 
HCl,  HI)  give  oflf  an  acid  gas,  which  combines  with  atmospheric 
moisture  and  forms  a  visible  vapor.  Mineral  acids  owe  their 
physiologic  action  almost  entirely  to  the  H  (stronger  than  K) 
ion.  These  acids  abstract  water  (astringent)  and  coagulate  the 
superficial  layer  of  proteids  in  the  skin,  giving  rise  to  stiffness 
and  numbness  or  a  puckery  feeling.  They  diminish  febrile  thirst 
(refrigerant  action)  by  stimulating  the  flow  of  saliva  and  other 
alkaline  fluids.  Mineral  acids  are  excreted  chiefly  as  NH4  salts, 
ammonia  being  liberated  by  the  tissues  for  self-protection  and 
to  save  the  fixed  alkalies  from  combining  with  the  acids.  Acids 
are  protoplasm  poisons,  and  when  administered  in  large  doses 
animals  die  before  their  blood  becomes  even  neutral. 


EYDBO-ACIDS. 

These  are  solutions  of  colorless,  acid  gases  in  H2O.  They 
linve  a  sharp,  irritating  odor.  Their  vapors  redden  moistened 
blue  litmus-paper.  They  are  generally  prepared  by  treating  the 
appropriate  salt  with  H2SO4  or  H3PO4.  They  should  leave 
no  residue  on  evaporating  to  dryness.  Their  tests  are,  in  gen- 
eral, the  same  as  for  their  salts,  but  a  few  special  ones  are  given 
below. 

IICI  is  the  most  important  of  the  hydro-acids.  In  the  pure 
ftate  it  is  a  non-combustible  gas  one-fourth  heavier  than  air. 
It  is  found  naturally  in  the  atmosphere,  especially  near  vol- 
canoes and  chemic  works,  and  also  in  the  human  gastric  juice 
(0.1  or  0.2  per  cent.).  HCl  is  usually  manufactured  from  com- 
mon salt  by  the  chemic  action  thereon  of  II2SO4,  with  the  aid 
of  heat. 

2XaCl  +  H2SO4  =  NaoS04  +  21101 

Experiment. — In  a  suitable  flask  place  ^  inch  dry  NaCI,  fill  flask 
1^  full  with  dilute  H2SO4,  heat  till  boiling  hard,  then  pass  gas  into  HoO 
in  beaker.    It  may  be  purified  by  redistillation. 

On  a  large  scale  HCl  is  a  leading  by-product  in  the  manu- 
facture of  soda  and  it  is  freely  generated  in  potteries.  IICI 
causes  a  red  stain  on  dark  cloths,  readily  removed  by  Nll4nO. 

HCl  gas  is  extremely  soluble  in  U2O,  1  volume  of  the  latter 
at  0°  dissolving  503  volumes,  or  82  per  cent.,  by  weight,  of  the 
former.  This  is  not  a  simple  solution,  since  boat  is  ])roducod 
and  the  b.p.  of  the  water  is  increased.  Tlie  water  increases  more 
than  one-third  in  bulk.  This  solution  has  bleacliing  and  anti- 
p«*ptic  properties  and  is  much  used  as  a  reagent.  The  coniniercial 
acid  (yellow  from  iron)  is  emploj^ed  for  renovating  brick  fronts. 
It  contains  on  the  average  0.25  per  cent,  of  AS0O3. 
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Experiment. — Show  intense  avidity  of  HCl  gas  for  H2O  by  opening 
a  test-tube  of  the  gas  under  water,  tinged  with  blue  litmus.  Explain 
color  change  and  why  the  water  rises  in  the  tube. 

The  official  HCl  contains  32  per  cent.,  by  weight,  of  the 
gas,  and  has  a  sp.  gr.  of  1.16.  The  dilute  acid  is  of  10-per-cent. 
strength;  sp.  gr.,  1.05.  The  yellow  color  of  common  HCl  is 
due  chiefly  to  Fe  compounds.  HCl  is  used  extensively  in  medi- 
cine, particularly  when  there  is  a  deficiency  of  the  acid  in  the 
gastric  juice.  In  manufacturing  chemistry  it  is  employed  in 
the  preparation  of  chlorates,  chloroform,  and  bleaching  powder. 

Nitrohydrochloric  acid  (aqua  regia)  is  made  by  mixing  180 
c.c.  HNO3  with  820  c.c.  HCl,  letting  them  stand  for  a  week  or 
two.     The  reactions  between  the  two  acids  are  as  follows: — 

HNO3  +  3HC1  =  ITOCl  +  2H2O  +  2C1 
HNO3  +  3HC1  =  NOCI2  +  2H2O  +  CI 

It  will  be  seen  that  HNO3  oxidizes  the  H  of  both  acids. 
The  solvent  power  of  aqua  regia  on  Au  and  Pt  depends  on  its 
free  CI  and  the  chloronitrous  and  chloronitric  gases,  which  give 
up  their  CI  very  easily.  Nitromuriatic  acid  dissolves  any  organic 
matter,  with  evolution  of  ruddy  fumes. 

Special  Test  for  HCl. — Dense,  white  fumes  (NH4CI)  appear  when 
a  glass  rod  dipped  in  NH4HO  is  held  over  mouth  of  container. 

HBr  can  be  prepared  from  any  bromid  (usually  KBr)  by 
treating  it  with  concentrated  H2SO4.  The  dilute  HBr  of  the 
United  States  Pharmacopeia  contains  10  per  cent.,  by  weight, 
of  the  absolute  acid  gas  dissolved  in  distilled  H2O,  and  has  a 
pp.  gr.  of  1.077.  Quinin  is  sometimes  administered  in  dilute 
IIBr,  the  Br  of  the  acid  neutralizing  the  hyperemic  efEect  of  the 
alkaloid  on  the  inner -ear. 

Special  Test  for  HBr. — ^Reddish  fumes  when  heated  with  strong 
H2SO4. 

The  official  syrup  of  HI  is  of  a  1-per-cent.  strength;  the 
sugar  serves  to  prevent  actinic  decomposition.  HI  readily  parts 
with  its  H  and  is  therefore  an  active  reducing  agent,  being  used 
in  photography. 

Special  Test  for  HI. — Gas  gives  brown  color  to  paper  moistened 
with  Ci  water. 

The  only  important  artificial  compound  of  F  is  HP,  pre- 
pared by  gently  heating  in  a  leaden  dish  CaP2,  treated  with  an 
excess  of  H2SO4.  The  HF  gas  thus  formed  combines  with  the 
silica  of  the  glass,  owing  to  which  fact  it  has  been  used  more 
than  two  hundred  years  for  etching  glass.  ^ 

Experiment. — Show  action  of  fresh  HF  on  glass  covered  with  a 
parafhn  coating  in  which  a  design  has  been  traced  down  to  the  glass. 

SiOo  +  4HF  =  2H2O  +  SiF4  (a  gas) . 
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An  aqueous  solution  of  HF  is  used  for  marking  tbermoni- 
vtera  and  glass  measures.  It  is  very  volatile  and  caustic,  pro- 
ducJDg  painful  and  slow-hcaHng  ulcers  if  allowed  to  come  in 
contact  with  the  skin.  The  local  effect  of  the  acid  can  be  neu- 
tralized to  some  extent  by  applying  NH4HO  or  some  other  weak 
base.     The  dilute  acid  is  stored  in  gutta-percha  bottles. 

H2S  (sulphydrie  acid)  is  a  sweet-tasting,  foul-Gmelling  (1 
part  in  10,000  recognized  by  odor)  gas  derived  from  the  putre- 
factioa  of  organic  bodies  containing  S  (eggs,  for  instance),  and 
aim)  present  in  many  mineral  waters.  It  is  the  chief  constituent 
of  sewer-gas,  and  bums  in  air  with  a  blue  flame.  H^S  is  pre- 
pared for  laboratorj-  use  by  treating  FeS  with  H2SO4  (1  to  6). 
A  c,p.  grade  is  also  prepared  by  treating  a  concentrated  solution 
of  Ca{SU)2  withHCl. 

At  mean  temperature  water  dissolves  3V2  times  its  volume  of 
HjS.  H^S  in  solution  is  a  strong  reducing  agent,  taking  0 
fr«n  the  air,  forming  H2O  with  deposit  of  S.  The  water  should 
first  be  boiled  and  the  solution  kept  in  a  well-fiJled,  well-stop- 
pered bottle.  The  addition  of  a  littSe  glycerin  also  aids  in  pre- 
serting  tlie  strength  of  the  solution. 

This  gas  tarnishes  silverware,  and  also  combines  with  many 
other  metals,  giving  precipitates  with  characteristic  colors. 

Kxperiment. — Show  reaction  of  HjS  on  solulions  o(  Pb,  Sb,  As,  Sn, 
■nd  Zn  salts.  PbfC-jHaa,)^  resets  to  one  part  of  H^S  in  a  solution  of 
HOMO  parts  of  watpr.  H^S  with  ferrous  salts  gives  no  ppt.;  with 
larrio  salts,  a  white  ppt.  of  S  and  reduction  to  the  ferrous  state. 

Aside  from  the  odor,  we  may  detect  very  small  qunntities 
of  the  gas  by  saturating  a  piece  of  white  filter-paper  with  lead 
acetate  solution,  and  esposing  it  for  some  hours  where  we  have 
rcaMD  to  suspect  the  gas  is  escaping.  The  sulphide,  or  salts 
of  HjS,  constitute  the  most  common  ores  of  the  more  common 
metals.  The  black  stools  often  noticed  after  taking  Fe,  Bi,  or 
Pb  salts  are  due  simply  to  the  union  of  the  medicine  with  the 
lUS  formed  by  putrefaction  in  the  alimentary  tract.  Patlio- 
logically  H^S  is  present  in  fetid  abscesses,  and  the  odor  of  the 
^«s  in  the  urine  in  some  cases  aids  to  determine  the  rupture 
of  an  interna]  abscess  into  the  urinary  tract  or  a  fistulous  com- 
iDunication  between  the  bladder  and  the  rectum. 

Iodic  acid  is  used  as  a  test  for  morphin.  It  yields  0  readily 
utd  ia  reduced  to  brown  I,  Hydrochiorauric  acid,  IIAuCi^,  is 
obtained  in  yellow  crystals  by  careful  evaporation  of  aqua  regia 
eolation;  stronger  heat  drives  off  HCl  and  leaves  brown  AUCI3. 
Thia  acid  forms  a  large  series  of  double  salts,  such  as  chloraurate 
of  Na,  NaAuCl^.HjO,  used  in  photography  as  a  wash  to  give  a 
brown-violet  tone  of  reduced  gold. 

Chloric,  perchloric,  hypochlorous,  hypobromouB,  bromic, 
periodic,  cyanic,  thiocyanic,  ferrocyanic,  ferricyanic,  manganic, 
P'>rmanganic,  chromic,  stannic,  and  antimonic  acids  have  no 
practjcai  icterest. 
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THIO-ACIDB. 


The  mwt  important  and  most  powerful  of  the  mineral 
acids  IB  H2SO4,  or  sulpLuric  arid.  It  occurs  free  in  tlie  atmos- 
phere near  chemic  works  and  in  volcanic  springs  and  rivers 
(Andes).  The  principal  sources  of  this  acid  are  S  and  FeSa- 
The  process  of  manufacture  of  112304  commonly  depends  on 
the  oxidation  of  SO2  into  SO3  in  the  presence  of  H2O  as  steam. 
The  intermediate  agent  in  oxidation  is  N2O4,  formed  by  treat- 
ing XaNn;{  wit!)  HjSOj.     This  gas,  XiiOj,  gives  np  two  atoms 
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of  0  to  &O0,  and  is  reduLcd  to  NjO;  which  agam  takes  up  the 
0  from  the  air  at  hand  and  bo  the  reaction  goes  on  indefinitely 
as  long  as  the  fumes  of  burning  &  or  FeSn  are  passed  into  the 
chamber  along  with  eteain  and  air 

2SO2  +  N2O4  +  gHjO  =  2H2SO4  +  N2O2 

The  acid  thus  formed  is  purified  by  diBtillina;,  and  is  col- 
lected in  leaden  pans,  concentration  being  completed  in  glass 
or  Pt  vessels.  In  the  new  method  of  making  H2SO4,  Pt  is 
enployed  aa  a  catalyzing  agent,  air  and  SOj  (from  iron  pyrites 
free  from  As)  being  passed  over  finely  divided  Pt  a' 
temperature,  forming  SO3,  The  acid  is  purified  by  distilling 
with  asbestos. 
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Experiment.— Make  H2SO4  by  carefully  heating  a  little  S  and 
KClO.-j  in  a  test -tube  till  they  ignite.  Add  H2O  and  test  for  acid  as 
under  "Sulphates." 

II0SO4  is  a  colorless,  odorless,  oily,  corrosive  liquid  of  96- 
per-cent.  strength;  sp.  gr.,  1.84.  The  official  acid  is  92^^^  per 
cent.;  sp.  gr.,  1.826.  The  aromatic  sulphuric  acid  contains  also 
alcohol  and  aromatics,  and  is  of  20-per-cent.  strength. 

II2SO4  is  intensely  avid  of  HoO,  and  to  this  is  duo,  in  part 
the  characteristic  effects  of  tlie  acid  on  organic  substances. 

Experiment. — Show  charring  action  of  strong  112^04  on  white 
sugar.  On  account  of  its  hygroscopic  proi>rrties,  lloS04  is  much  em- 
ployed in  desiccators.  It  combines  with  2II2O  to  form  IIr,S(V,  (orthosul- 
phuric  acid),  the  reaction  being  attended  by  considerable  heat  and  by 
8-per-cent.  reduction  in  volume.  When  mixed  with  H.jO  tiio  acid  should 
he  added  gradually  to  the  water,  and  not  the  water  to  tlie  acid,  as  in 
the  latter  event  the  acid  steam  that  is  thrown  ofl'  may  scaM  a  person. 
Dilute  H2SO4  attacks  metals  more  rapidly  than  the  strong  acid,  since 
in  the  latter  case  the  chcmic  action  is  soon  hindered  by  tlie  coating  of 
sulphate  that  forms  on  the  metal.  Strong  II0SO4  on  black  clotli  leaves 
a  damp  spot  which  is  at  first  red  (no  change  if  indigo-blue;  yellow 
with  logwood  and  madder;  white  linen  or  cotton  blackened  and  eroded), 
later  dirtv  brown  and  rotten.  Cone.  H0SO4  heated  with  metals  evolves 
SO2,  not  ft. 

U2SO4  is  more  extensively  employed  industrially  than  any 
other  ehemic  compound.  A  million  tons  of  the  acid  are  con- 
sumed annually  in  England  in  the  Ijo])lanc  soda-proivss.  Other 
uses  of  this  acid  are  in  the  manufacture  of  II XO.*.  of  ether, 
nitroglycerin,  guncotton,  parchment-paper,  and  fertilizers,  the 
production  of  COo  from  marhle-dust,  the  conversion  of  starch 
into  glucose,  the  refining  of  petroleum,  the  separation  of  Ag 
and  Au,  drjing  of  gases  and  precipitates,  and  in  the  dental 
laboratory  the  dilute  acid  is  employed  as  a  "pickle''  for  clean- 
ing metallic  plates  before  and  after  soldering. 

Sulphurous  acid,  H0SO3,  is  formed  by  passinsr  SOo  into 
IIoO,  or  by  the  reducing  action  of  S  or  charcoal  on  IloSOt. 

Experiment. — Make  II2SO0  by  placing  10  or  20  gni.  eliarcoal  in  a 
tla.kk.  foverinjr  with  H.JSO4  and  applying  heat,  passing  gas  tliroiiirli  wash- 
bottle  and  collecting  in  water.  Identify  by  blue  color  produced  with 
starch  and  iodic  acid — sensitive  1:3000. 

Sulphurous  acid  is  a  colorless  liquid;  sp.  gr.,  l.O'iS:  of  not 
loss  than  C.4-per-cent.  strength,  by  weight,  with  an  acid,  sul- 
phurous taste  and  smell.  It  first  reddens,  then  d(M()l(»ri/.<s, 
litmus;  and  is  used  to  some  extent  as  a  hlencliinir  nnd  disin- 
fecting agent.  Pecolorization  of  an  T  solulion  with  this  acid 
depends  on  the  conversion  of  I  into  III  as  follows: — 

HoSOn  +  To  +  HoO  =  H0SO4  +  2111 

Experiment. — Show  bleaching  effect  of  lIoSC>3  on  permanganate 
solution. 

11 
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Both  the  acid  and  its  salts  are  detected  by  giving  a  light- 
colored  ppt.  with  Ag,  Pb,  or  Hg,  which  blackens  on  heating, 
owing  to  tlie  change  of  sulphite  into  sulphid. 

The  fuming  Kordhausen  acid,  H2S2O7,  is  a  thick,  oily 
liquid  obtained  by  roasting  basic  pyrites  (Fe2S209)  or  by  pass- 
ing SO3  (from  heated  FeS04)  into  H2SO4.  This  acid  is  a 
solvent  for  indigo. 

Hyposulphurous  acid,  II2SO2,  is  prepared  by  the  reducing 
action  of  Zn  on  H2SO3.  It  is  a  yellow,  unstable  liquid;  a  pow- 
erful bleaching  agent;  and  it  ppts.  the  metals  from  solutions 
of  their  salts,  as  in  the  following  reaction : — 

HgCl2  +  H2SO2  +  H2O  =  Hg  +  2HC1  +  H2SO3 

Experiment. — Show  reaction  represented  by  above  equation. 

Among  other  sulphur  acids  of  little  importance  may  be 
mentioned  H2S2O3  (thiosulphuric),  H2S2O6  (dithionic), 
H2S3O6  (trithionic),  H2S4O6  (tetrathionic),  H2S5O6  (penta- 
thionic),  and  H2S208  (persulphuric).  1X28  (hydrosulphuric 
acid)  has  been  discussed  already  under  "Hydro-acids.^* 

CARBONIC  ACID. 

H2CO3  is  not  known  in  a  free  state,  since  it  splits  up  into 
CO2  and  II2O  as  soon  as  formed. 

SILICON  ACIDS. 

Metasilicic  acid,  H2Si03,  is  a  clear,  limpid  fluid  in  col- 
loidal solution,  tending  to  become  gelatinous.  Most  silicates  in 
nature  are  derived  from  this  acid. 

Hydrofluosilicic  acid,  H2SiF6,  is  known  only  in  solution. 
It  dissolves  metals,  forming  silicofluorids,  which  are  pptd.  by 
K  salts  as  gelatinous  K2SiF6. 

BORIC  OR  BORACIC  ACID. 

H3BO3  is  obtained  by  evaporation  from  the  steam-jets  or 
fumerolos  in  the  volcanic  regions  of  Tuscany.  In  the  United 
States  it  is  also  prepared  by  treating  borax  with  HCl.  Another 
source  is  the  calcium  borate  obtained  from  Death  Valley  and  the 
Mojave  Desert.  The  pure  acid  is  a  white  powder,  unctuous, 
odorless,  and  nearly  tasteless.  It  is  soluble  in  26  water,  15 
alcohol,  and  10  glycerin. 

Special  Tests. — The  solution  in  alcohol  bums  with  a  ffreen-tinsed 
flnme.  Dissolve  in  hot  water  and  dip  turmeric  paper  in  solution.  Ck>Tor 
of  paper  unchanged,  but  on  drying  becomes  brown-red,  turning  green 
on  moistening  with  KHO. 

Boric  acid  is  a  valuable  non-toxic  and  non-irritating  anti- 
septic, which  can  be  used  with  safety  in  any  part  of  the  body. 
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It  is  often  added  to  alkaloidal  substances — e.g.,  cocain — to  pre- 
rent  decompoeition. 

Boroglyeerid  is  a  thick,  syrupy  liquid,  made  by  heating 
together  1  part  of  the  acid  with  1^^  parts  of  glycerin.  It  is 
an  antiseptic  depletant.  H3BO3  and  boroglyeerid  are  each  used 
in  combination  with  NajSOa  for  bleaching  discolored  teeth. 

Vfhen  heated  to  100°,  H3BO3  loses  H2O  and  becomes 
metaboric  acid,  HBO2,  which  on  further  heating  {140°)  is  con- 
verted into  tetraboric  add,  HnB^Oi,  of  which  borax  is  tlie 
principal  salt. 

Experiment.  Incombnitlble  TabricB. — Diesolve  SO  gm.  borax  and 
25  gm.  ZnSO,,  «wh  in  150  c.c.  II2O,  and  mix  BOlutions.  Theu  add  a 
like  amount  ravh  of  flU^HO  and  H3PO4.  Dip  a  paper  in  the  mixture, 
tet  dry,  and  test  witb  a  lighted  match. 

BITSO-ACXDS. 

True  nitrous  acid,  IlNOa,  is  a  very  unstable  blue  liquid, 
made  by  passing  N2O3  into  ice-water,  or  by  warming  HNOa 
with  starch-water. 

Nitric  acid,  HNO.^,  is  generally  prepared  commercially  by 
the  action  of  HzSO^  on  KNO5.  Tlie  pure  acid  is  a  colorless, 
faming,  suffocative,  and  very  corrosive  liquid ;  ep,  gr.,  TJ.  S.  P., 
1.403;  of  C8-per-cent.  strength.  The  dilute  acid  is  of  10-per- 
cent, Etrength;  sp.  gr,,  1.054.  Single  aqua  fortis  (commercial; 
Ep.  gr.,  1.85)  contatQB  39  per  cent,  of  HNO3 ;  the  double  contains 
64  per  cent. 

BxpeTiment. — Show  corrosive  action  and  jetlow  color  (xantho- 
|iroteic  teat)  of  HMOg  on  black,  n-oolen  cloth.  The  Bame  color  is  Doticed 
OD  the  luili,  skin,  or  anf  nitrogenoiu  substance. 

It  parts  easily  with  some  of  its  0,  and  is,  hence,  a  strong 
oiidiring  agent,  for  whicli  reason  it  sliould  never  he  prescribed 
with  sugar,  alcohol,  glycerin,  oils,  or  other  combustible  substances. 

The  fuming  acid  is  brownish  red  on  account  of  containing 
NO-  in  solution.  HNO3  on  exposure  to  ligbt  and  air  decom- 
poses into  a  yellowish  liquid,  nitroso-nitric  acid,  which  contains 
NO  and  is  commerciatly  known  as  nitrous  acid. 

HNO3  is  used  internally  (diluted)  and  ns  a  caustic;  also 
in  refining  metals  and  engraving  Cu  plates,  and  in  the  manu- 
facture of  guncotton,  nitroglycerin,  and  anilin  dyes.  It  is  used 
by  metal  workers  for  cleansing  before  gilding  and  lacquering. 

Test  for  Strong  Add. — Red  fumes  of  N2O4  evolved  on  heating  with 
Cn  fnil  or  Bliiigs.  Green  cupric  nitrate  i^  fornie<l.  H  is  evolved,  and 
pirtU  d'^xidiEBfi  some  HNOj  ( HNO3 -)- 3H  =20^0  +  NO),  forming 
lit}  (NjD~).  which  takes  up  O.,  from  air  and  becomes  colored. 

Test  for  Dilute  Add.— Add  some  FeSOj  to  aiKpcrtcd  liquid,  and 
ilidr  nndrr  miilure  strong  HjSO|.  A  brownish  or  black  ring  at  point 
of  tontact  prom  presence  of  HNOj. 

Triazoic  or  liydrazoic  acid,  NaH,  is  a  colorless  eaa  with  a 
disagreeable  odor,  made  by  treating  Na  with  NH3 ;  the  NH^Na 
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thus  formed,  with  N2O ;  and  tlie  resulting  N'3Na,  with  an  acid. 
Jt  is  both  explosive  and  poisonous. 

PHOSPHOBTTS  ACIDS. 

Orthophosphoric  acid,  II3PO4,  is  prepared  by  boiling  P 
with  dilute  IINO,^  or  by  treating  any  phosphate  with  H2SO4. 
That  used  in  dental  renients  is  prepared  by  dissolving  HPO3 
in  warm  water  and  evaporating  to  a  syrupy  consistence.  The 
United  States  Pharmacopeia  preparation  is  a  colorless,  odor- 
less, syrupy  liquid  containing  at  least  85  per  cent,  of  aJbsolute 
acid;  sp.  gr.,  1.7.  The  dilute  fonnula  contains  10  per  cent,  of 
absolute  acid.  n3P04  is  a  tribasic  acid,  forming  normal,  acid, 
and  double  salts.  It  is  not  volatilized  by  red  heat.  Evaporating 
spontaneously,  it  yields  prismatic  crystals. 

When  II3PO4  is  heated  to  about  200°  it  loses  water  and  is 
converted  into  pyrophosphoric  acid,  H4P0O7. 

2H3PO4  —  H2O  =  H4P2O7 

When  H4P2O7  is  heated  nearly  to  redness,  it  is  also 
dehydrated  into  glacial  phosphoric  or  metaphosphoric  acid, 
HPb3 :  a  colorless,  glassy  solid.  Both  this  acid  and  H4P2O7 
are  corrosive  and  paralyzant  poisons,  acting  especially  on  the 
innervation  of  the  heart. 

Hypophosphorous  acid,  HPH2O2,  is  a  white,  crystalline 
substance,  obtained  by  decomposing  Ca(PH20o)2  with  oxalic 
acid.  It  is  a  strong  deoxidizer.  The  dilute  acid  is  of  10-per- 
cent, strength.  On  exposure  to  air  it  takes  up  0  and  becomes 
the  colorless  liquid  phosphorous  acid,  H3PO3.  This,  in  turn, 
is  oxidized  into  H3PO4. 

Differential  Tests. — H3PO4  gives  a  yellow  ppt.  of  Ag3P04  wiUi 
argent-ammonium  hydrate:  soluble  both  in  HNO3  ^^^  KH4HO.  Ortho- 
phosphoric  acid  gives  a  yellow  ppt.  with  AgN03;  meta-  and  pyro-  white. 
Pyropliosphoric  acid  gives  white  ppt.  with  MgS04;  metaphosphoric  acid 
none  at  all. 

ABSENOTTS  AND  ARSENIC  ACIDS. 

II3ASO3  is  not  known  in  the  free  state,  but  exists  in  solu- 
tions of  AsoO.j.  H3ASO4  appears  in  white,  deliquescent  crys- 
tals, which  are  strongly  corrosive  and  blister  the  skin.  Its 
solutions  give  a  brick-red  ppt.  of  Ag3A804  on  adding  argent- 
ammonium  hvdrate. 

ft' 

HTDBOZIDS. 

These  may  be  regarded  as  H2O  in  which  one-half  of  its 
H  is  replaced  by  a  metal.  They  are  chiefly  white,  crystalline, 
deliquescent  solids  (except  NH4HO)  with  strongly  alkaline  re- 
action and  caustic,  alkaline  taste.  They  are  commonly  purified 
by  dissolving  in  alcohol  and  decanting.  Commercial  prepara- 
tions contain  from  10  to  25  per  cent.  H2O  and  nearly  always  a 
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little  As.  Hydroxids  of  tlie  alkaline  metals  and  iilkaline  earths 
&re  more  or  less  soluble  in  HqO;  all  others  insoluble.  Solution 
prodnces  eonsiderable  heat  on  account  of  taking  up  water  of 
cT>-stallization.  The  soluble  hydroxids  are  recognized  by  melting 
and  volatilizing  unchanged,  by  dissolving  in  HCl  without  odor 
iir  effervpf pence,  and  by  giving  a  dark-brown  ppt.  of  Ag20  with 
.\gNO3,  soluble  in  excess — deposits  fulminating  silver  on  free 
«I)06ure  to  air.  The  insoluble  ones  give  off  steam  when  heated 
in  a  nearly  horizontal,  dry  test-tube,  leaving  a  residue  of  oxid. 
Alkalies  give  a  white  ppt.,  turning  blue,  with  ferrous  salts ;  red- 
brown,  with  ferric  salts.  PCI5  is  a  teat  for  OH  in  any  com- 
pound, yielding  HCl  and  H3PO4. 

Hydrates  of  the  alkaline  metals  owe  nearly  all  their  action 
to  the  relatively  powerful  anion  hydro.xyl.  Carbonates  and  bi- 
carbonatea  of  these  metals,  by  dissociation  and  combination  with 
water  (liberating  HO)  have  properties  similar  to  hydrosids, 
thoagh  weaker.  All  these  alkalies  dissolve  proteins  (including 
mucDs),  saponify  fat,  soften  the  skin  and  remove  homy  layers 
of  epithelium.  Alkaline  hydrates  and  carbonates  render  the 
blood  and  tissues  more  alkaline,  aiding  oxidation.  Owing  to  its 
volatility,  ammonia  ia  more  penetrating  than  the  fixed  alkalies, 
but  is  less  caustic. 

KHO  is  now  prepared  commercially  by  eleetrolyzing  KCl, 
using  a  cjithode  of  fig,  the  amalgnra  in  contact  with  water  form- 
ing tfie  hydroiid.  KHO  is  soluble  in  0.5  H2O  or  2  alcohol ;  the 
alcoholic  solution  soon  turns  dark  yellow  to  brown,  forming,  in 
presence  of  air,  aldehyd  and  acetic  acid.  Potnssa  fuea  is  KHO 
heated  and  run  into  eyiindric  molds.  Official  liquor  potassK  is  5 
per  QOit.  in  strength,  with  sp.  gr.  of  1.046.  Potat^sa  cum  calce  is 
a  canstic  paste  composed  of  ecjua!  parts  of  KHO  and  CaO. 
Robinson's  remedy  contains  equal  parts  of  KHO  and  carbolic 
acid.  JfaHO  is  solnble  in  1.7  H3O  and  ia  very  soluble  in  alco- 
liol.  Liquor  sndje  contains  about  5  per  cent.  NaHO,  and  has 
a  fp.  gr.  of  1.03G,  Crude  NaHO  has  extensive  use  in  soap- 
making. 

Ammonia,  NHa,  ia  a  gaseous  compound  present  in  the 
atmosphere  in  minute  amounts  in  combination  with  nitrous, 
nitric,  and  carbonic  acids.  It  is  a  product  of  organic  decom- 
position and  dry  distillation;  soft  coal  yields  about  3  per  cent. 
Ita  chief  source  at  present  is  the  amraoniacal  liquors  formed 
dnring  the  manufacture  of  illuminating  gas.  The  gas  is  freed 
from  ita  compounds  in  this  liquid  by  distilling  with  lime  and 
coltecting  in  water.  NH^  is  colorless,  and  has  a  sharp,  suf- 
focating smell.  When  mixed  with  0  it  ignites,  forming  N, 
H;0,  and  IINOs.  It  is  liquefied  by  freezing  mixtures  at  —  40° 
or  by  a  pressure  of  6  or  7  atmospheres.  The  liquid  boils  at 
—  38,5°,  absorbing  much  heat;  hence  it  is  employed  in  cooling- 
apparatiieeB  and  in  making  ice.  Water  dissolves  (500  volumes  of 
the  gas    at   ordinary   temperatures,    forming    NH^HO.     This 
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hydroxid  readily  parts  with  its  NH3,  especially  on  wanning, 
and  hence  is  known  as  the  volatile  alkali. 

Experiment. — With  red  litmus-paper  raoiBtened  with  HoO  and  held 
in  naok  of  bottle,  show  volntility  of  NII4HO,  and  notice  that  red  color 
is  restored  on  drjlng. 

Satnnile  btoltingpaper  with  alcoholic  solution  of  hematoijlon, 
dry  and  hold  over  a  solution  whii-h,  on  warming,  gives  off  NH3,  turnicg 
the  paper  blue.    This  ia  a  very  delicate  test, 

NH^nO  is  official  in  two  strengths:  aqua  ammonite  (sp. 
gr,,  0.958),  containing  10  per  cent.,  by  weight,  of  NHa;  and 
aqua  aromoniie  fortior  (gp.  gr.,  0,897),  of  38-per-cent.  strength, 
SpirituB  ammoniiE  aromaticiis  is  an  alcoholic  solution  contain- 
ing ammonium  carbonate  and  ammonia  water,  flavored  with  oils 
o£  lemon,  lavender  and  nutmeg, 

Ca(H0)2  is  a  white  powder  slightly  soluble  in  HnO,  form- 
ing liquor  calcis,  or  lime  water  (0.15  per  cent,).  It  is  less  sol- 
uble in  hoiling  than  in  cold  water.  Glycerin  or  sugar  renders 
it  mneh  more  soluble:  8  grains  per  ounce.  Lime  water  ia  used 
extensively  in  medicine  as  an  antacid  remedy,  and  ia  an  effect- 
ive chemic  antidote  in  mineral-acid  poisoning.  Milk  of  lime  is 
an  aqueous  mixture  with  more  Ca(II0)2  than  will  dissolve  in 
the  water.  When  Ca(H0)2  is  exposed  to  the  air  it  changes  to 
the  carbonate  by  absorption  of  CO2 ;  hence  the  setting  of  mor- 
tar into  plaster^alsD  due  partly  to  the  formation  of  a  silicate 
with  the  sand. 

Ba(II0)2  is  obtained  by  treating  BaO  with  H2O.  It  ia 
soluble  in  20  parts  of  H2O,  forming  the  strongly  alkaline  test- 
fluid  known  as  barvta-water,  which  is  clouded  by  the  least  trace 
of  CO2.  Mg  (HO)  2  is  very  slightly  soluble  in  H2O,  with  which 
it  forms  a  gelatinous  mixture  ("milk  of  magnesia" — 1  to  15  of 
H2O),  but  is  freely  soluble  in  solutions  o£NH4  salts.  Zn(H0)2 
is  a  white  ppt.  formed  by  the  addition  of  KIIO  or  NaHO  to  a 
solution  of  a  zinc  salt.  It  dissolves  readily  in  excess  of  re- 
agent, forming  a  zincate. 

Au(H0)3,  auric  acid,  is  a.  yellow-brown  ppt.  prepared  by 
heating  a  solution  of  AuClg  with  magnesia  and  washing  ppt. 
with  dilute  HNO3.  When  treated  with  excess  of  NH4HO 
an  explosive  brown  or  green  powder,  known  as  fulminating 
gold  (perhaps  AU2O3.2NH3),  is  produced.  Potassium  aurate, 
KAUO2.3H5O,  appears  in  small,  .'loluble,  yellow  needles  of  alka- 
line reaction,  used  in  gilding  Cu. 

Cu(H0)2  is  a  light-blue,  bulky  ppt.,  partly  reduced  to 
black  CuO  on  boiling.  When  NII^HO  is  added  to  solutions  of 
cupric  salts  a  deep-blue  color  results,  owing  to  the  formation 
of  ammonio-copper  compounds  [CuS04(NH3)4  and  others]. 
Al(IIO)a  is  an  insoluble,  white  powder  much  used  as  a  mor- 
dant. In  the  presence  of  more  positive  oxids  A1(H0)3  may  act 
as  a  weak  acid,  forming  aluminates. 

Lead  oxyhydroxid  [Pb(HO)2,PbO]  ia  readily  soluble  in  ex- 
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fess  of  precipitating  caustic  alkali,  forming  plumbatea  (KgPbOa, 
NartPbO;),  which  on  boiling  throw  down  red  or  yellow  lead 
oxid.  Mn(Hn)g  is  a  dark-brown  eubstimpe  obtained  by  atmos- 
pheric oiidation  of  white  Mn(HO)n,  and  is  used  in  varnishes. 
Fe(nO)H  ia  a  reddish-brown  Relatinona  mass  or  mag^a, 
pptJ.  from  ferric  chlorid  or  sulphate  by  the  addition  of  an 
alkaline  hydrate.  When  dissolved  in  ferric- chlorid  or  ferric- 
scetste  solution  and  then  separated  from  the  crj-stalloid  sub- 
stances by  dialysis,  it  is  known  as  dialyzed  iron,  and  is  usually 
employed  in  a  5-per-cent,  aqueous  mixture.  Botli  this  and 
the  ordinary  freshly  prepared  hydrate  are  effective  chemic 
antidotes  for  As.  Fe(H0)3  gradually  changes  to  oxyhydrate, 
FeoOlHO)*. 

SALTS. 

In  most  cases  a  salt  can  be  prepared  by  dissolving  the  car- 
bonate of  the  metal  in  Ihe  proper  acid,  filtering  or  decanting  solu- 
tion and  evaporating  to  point  of  crystallization.  The  color  of 
salts  is  often  due  to  their  metallic  ions.  The  therapeutic  effects 
of  salts  of  the  alkali  metals  depend  chiefly  on  their  relation  to 
wmoeis.  The  phj-siologic  action  of  inorganic  salts  is  electric  in 
nature,  due  to  changes  in  their  ions.  Salt  ions  in  the  blood 
alter  the  distribution  of  fluids  in  the  tissues  and  exert  besides 
a  ftimulattng  effect  (diuresis)  upon  the  kidneys.  They  "flush" 
the  Ej'stem  by  increasing  the  excretion  osmotically  of  the 
diffusible  constituents  of  the  cells.  Slowly  dissociated  salts  are 
comparatively  free  from  local  irritative  properties.  Osmotic 
nutritive  changes  produced  by  drugs  are  most  pronounced  in 
eelia  of  the  lowest  vitality,  hence  salt  action  in  general  (iodids 
particalarly)  tends  to  break  do(vn  pathologic  formations.  Bi- 
valent salts  (Sr,  Ca)  are  more  slowly  dissociated  and  absorbed 
tbaa  those  of  the  alkali  metals;  they  are  less  irritant  locally 
and  less  effective  in  the  blood  than  the  latter.  NH^  salts  are 
Mcreted  as  urea;  hence  (except  the  benzoate)  they  do  not  affect 
tbe  mction  of  the  urine.  Ca  salts  lessen  the  phosphates  in  the 
ttrine  (reducing  its  acidity)  by  forming  insoluble  phosphates  In 
th«  bowel. 

The  heavy  metals  have  no  ehemic  action  on  or  in  the  body 
natil  changed  by  air  to  an  o-\id  (Hg)  or  by  secretions  to  chlorids, 
CBrbonat«8  and  other  salts.  These  cations  (nnd  Al)  combine 
with  proteins  (irritant  or  corrosive  action),  and  are  absorbed 
to  a  alight  degree  from  the  small  intestine  in  such  comhinntions 
and  by  the  leucocytes.  They  are  excreted  mostly  by  the  large 
bowel  (causing  irritation  and  ulceration)  and  to  a  less  extent 
thrQQgh  the  kidneys  and  in  the  secretions  (Ilg  in  saliva). 
Doable  salts  and  organic  compounds  do  not  combine  with  pro- 
t^^iDS  (non- irritating)  until  decomposed,  as  by  acids.  Inorganic 
Fc  may  be  more  readily  abs=orbed  than  food-iron  enveloped  in 
colloid  matter.    The  soluble  salts  of  Ilg  are  more  irritant  and 
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corrosive  than  those  of  other  metals,  since  the  protein  ppt.  is 
looser  and  so  does  not  protect  the  deeper  layers,  and  is  moreover 
soluble  in  excess  of  proteins  or  in  solutions  of  neutral  salts.  The 
chlorid  and  nitrate  (univalent  anions)  are  particularly  pene- 
trating and  corrosive.  The  halogen  salts  of  the  alkali  metals 
owe  their  salty  taste  and  medicinal  properties  chiefly  to  the  nega- 
tive element.  Aside  from  their  general  salt  action,  they  exert 
a  selective  influence  on  different  tissues.  CI  and  Br  replace  H 
in  its  combinations  with  proteids.  The  various  salts  of  the 
body  are  probably  in  definite  ionic  combination  (not  reacting  to 
ordinary  tests),  and  it  is  possible  to  substitute  one  class  of  ions 
for  another  in  the  molecule,  as  when  common  salt  in  the  food 
of  epileptics  is  replaced  with  bromids  and  the  body  becomes 
saturated  with  Br. 

HALOID  SALTS. 

General  Characters. — Mostly  white ;  saline,  sharp,  or  bitter 
taste;  neutral  reaction;  cubic  crystals  mostly;  less  often  octa- 
hedra  or  rhombohedra;  freely  soluble  in  water  (except  Ag, 
Pb,  and  Hg^),  much  less  so  in  alcohol  (deliquescent  soluble) ; 
chiefly  binary  compounds ;  ternary  salts  unstable. 

CHLORIBS. 

These  are  usually  formed  by  dissolving  a  metal  or  its 
hydrate  or  carbonate  in  HCl.  All  chlorids  except  the  alkaline 
and  earthy  are  decomposed,  when  heated  in  a  current  of  H,  into 
HCl  and  the  pure  metal.  AuCls  and  PtCU  are  decomposed  by 
simple  ignition.  .       . 

Next  to  water  XaCl  (common  salt)  is  the  most  abundant 
compound  in  Nature,  being  present  in  all  natural  waters  and 
soils  and  to  a  slight  degree  in  the  atmosphere.  It  is  a  necessary 
ingredient  of  the  fluids  of  animals  and  plants,  and  is  obtained 
chiefly  from  the  salt-wells  of  New  York,  Kansas,  Ohio  and 
Michigan  and  the  Great  Salt  Lake  in  Utah. 

Rock  salt  lies  in  strata  deposited  from  the  sea  by  evapora- 
tion, often  covered  with  strata  of  the  more  soluble  K,  Mg  and  Ca 
chlorids  and  sulphates.  A  saturated  solution  contains  2.8  parts 
in  100  of  water.  A  "normal"  saline  solution  is  of  the  same  per- 
centage as  the  blood, — namely:  0.6  per  cent.  (0.75  per  cent,  for 
cells), — and  is  used  by  injection  into  the  rectum,  under  the  skin, 
or  into  a  vein  as  a  restorative  measure  in  cases  of  hemorrhage, 
shock,  or  collapse.  NaCl,  having  a  low  molecular  weight,  and 
being  readily  dissociated,  induces  greater  osmotic  changes  than 
most  otlicr  salts.  It  penetrates  the  red  blood-cells  with  difficulty, 
if  at  all,  and  differs  from  most  other  binary  salts  in  disturbing 
equilibrium  toward  the  negative  side  (stimulating).  Concen- 
trated solutions  act  as  counter-irritants   (saline  baths),  while 
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drinking  large  amounts  of  a  weak  solution  cause  a  mild  stimula- 
tion of  the  gastric  mucous  membrane.  Hypoiso tonic  solutions 
are  absorbed  rapidly,  though  not  so  quickly  as  water  or  alcohol ; 
hyperisotonic  solutions  draw  water  from  the  blood  (liydragog 
action)  until  they  become  isotonic,  when  the  greater  part  re- 
maining is  absorbed.  Salt  is  not  essential  for  the  absorption 
of  enemas.  The  crackling  of  table  salt  on  heating  is  due  to 
vaporization  of  the  inclosed  drop  of  salt  solution. 

The  chief  sources  of  potassium  compounds  are  sylvite  (KCl) 
and  camallite  (KCl,MgCl2.6H20),  mined  at  Stassfurt,  Ger- 
many. Camallite  is  such  a  weak  compound  that  on  dissolving 
in  a  small  amount  of  water  some  of  the  KCl  separates  in  the 
solid  form. 

NH4CI  is  prepared  by  saturating  the  ammoniacal  liquor 
from  gas-works  with  IICl,  evaporating  to  dryness,  and  subliming 
the  residue  as  feathery  crystals.  It  is  used  extensively  as  an 
expectorant  and  in  calico-printing,  dyeing,  and  soldering,  and 
as  a  flux  in  refining  gold.  The  aqueous  solution  of  NII4CI  is 
faintly  acid,  owing  to  a  slight  hydrolysis  with  liberation  of  H; 
the  acidity  is  increased  by  boiling.  This  splitting  of!  of  IICl 
accounts  for  the  use  of  NH4CI  as  a  metallic  flux  and  as  the 
exciting  salt  in  batteries. 

The  common  packing  for  steampipes  consists  of  iron  filinfrs, 
S  and  NH4CI  moistened  with  water.  It  swells  and  seals  the 
joint  hermetically. 

CaClo  is  very  hygroscopic  (soluble  in  1.5  HoO),  and  the 
fused  or  anhydrous  product  is  much  used  in  drying  gases  and 
in  the  quantitiitive  estimation  of  H  in  organic  bodies.  The 
hydrous  compound  CaClo.eHoO  when  mixed  with  powdered  ice 
or  snow  makes  an  effective  freezing-mixture.  Its  ready  sol- 
ubility renders  it  of  service  for  raising  the  b.p.  of  IToO  in  tlic 
water-bath:  a  50-per-cent.  aqueous  solution  boils  at  11*3°.  A 
saturated  solution  (antifreezine)  is  used  in  gasolin  automobiles 
in  place  of  water. 

BaClo  is  important  mainly  as  the  reagent  for  ILjSO^  and 
soluble  sulphates,  with  which  it  forms  the  very  insoluble  BaS04. 
MgClo  is  found  in  sea-water  and  mineral  waters  and  earnallite 
beds,  and  is  a  frequent  impurity  in  table-salt.  It  is  n^od  in  the 
manufacture  of  artificial  stone  and  for  flnisliing  coiton  iroods 
in  dye-works.  ZnClo  is  soluble  in  three-tenths  of  it^  own  woisrlit 
of  water.  It  is  very  corrosive,  even  attacking  cclluloso,  and  is 
used  as  a  caustic  and  in  weak  solutions  as  an  antiseptic,  astrin- 
gent, and  deodorant;  also  by  linsniiths  (flux  for  solder)  and 
embalmers  (soft  injection  fluid)  and  to  prcst  rve  wood.  Tlio 
ofBcial  liquor  contains  50  per  cent,  of  tlio  salt.  ZnClo  in  fusr<l 
caustic  stick  is  used  to  transfix  cancerons  tumors. 

IlgCl,  the  mild  chlorid,  or  calomel,  is  prepared  l)v  \vo:\i- 
ing  any  mercurous  salt  with  IICl.  It  is  a  white,  odorless, 
tastelesp,    and    impalpable    powder,    insi^Juble    in    all    ordinary 
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solvents.  Calomel  volatilizes  without  first  meltiiiK,  and  is  the 
Bait  used  for  mercurial  fumigation.  It  turns  black  on  the 
addition  of  any  hydrate,  being  changed  thus  lo  the  correspond- 
ing oxid.  The  mild  chlorid  of  mercury,  in  the  presence  of  the 
free  HCl  of  the  gastric  juice,  is  not  transformed  into  the  poison- 
ous corrosive  chlorid.  HgCl  with  NH4OH  yields  NH2HgCl, 
Hg  and  NH2Hg2Cl  (mercurouB  chloramid). 

HgCl2  (corrosive  sublimate)  is  obtained  by  treating  any 
other  mercuric  salt  with  HCl  or  a  chlorid.  It  appears  in  white 
crystals,  which  are  odorless,  but  have  a  sharp,  metallic  taste 
and  an  acid  reaction.  On  being  triturated  it  remains  pure 
white,  whereas  calomel  turns  of  a  yellowish  tinge.  HgC]2  is 
soluble  in  16  parts  of  cold  water,  2  of  boiling  water,  3  of  alco- 
hol, 4  of  ether,  and  14  of  glycerin.  The  aqueous  solution 
slowly  decomposes  in  the  light,  reacting  with  the  water  as  fol- 
lows:— 

SHgCla  +  H2O  =  SHgCl  +  2HC1  +  0 

The  addition  of  a  weak  acid  or  of  NaCl  or  NHjCl  serves  to 
hinder  this  chemic  change;  these  other  ehlorids  also  aid  the 
solubility  (forming  double  clilorids)  of  the  mercurial  salt  and 
make  it  less  irritating  but  less  antiseptic.  The  bichiorid  of  Hg 
coagulates  albumin  (NH4CI  prevents),  and  is  a  popular  anti- 
septic in  the  strength  of  from  1-10,000  to  1-1000.  It  should 
never  be  used  to  sterilize  instruments,  as  it  rapidly  corrodes  them, 
the  metal  uniting  with  one  atom  of  CI,  calomel  being  deposited 
on  the  surface.  The  "white  precipitate"  prodiiced  by  treating 
HgCla  solution  with  NIIjHO  is  used  in  ointments  (official 
strength,  10  per  cent.). 

FeCla.SHsO  is  a  yellowish- red,  deliquesceDt  salt  prepared 
by  dissolving  the  oxid  in  HCl.  The  official  liquor  contains 
29  per  cent,  of  the  salt.  The  tincture  is  about  one-half  the 
strength  of  the  liquor,  being  diluted  with  3  volumes  of  alco- 
hol, which  reduces  ferric  chlorid  to  the  ferrous  state.  The 
corrosive  action  of  tincture  of  iron  on  the  teeth  is  due  to  the 
presence  of  free  HCl  in  this  preparation,  and  patients  should 
be  cautioned  to  rinse  out  the  mouth  after  taking  it  through  a 
glass  tube.  AgCl  is  used  in  photographic  printing  papers.  This 
salt  on  melting,  then  cooling,  forms  a  dark-brown  mass  like 
horn  ("horn-silver"). 

AuCla-SHaO  is  a  ruby-red  crystalline  compound  forming 
double  salts  with  HCl  and  NaCl.  AuCl.^.NaCl  is  prepared  by 
rubbing  together  equal  parts  of  the  dry  salts.  It  appears  in 
orange-yeliow,  deliquescent  prisms  used  in  medicine  and  den- 
tistry, in  gilding,  and  as  a  toning  agent  in  photography. 

PtCli  appears  in  soluble,  reddish-yellow  needles,  obtained 
by  dissolving  Ft  in  aqua  regia  and  evaporating  the  HNOg.  It 
is  used  as  a  reagent  for  the  quantitative  estimation  of  K,  NH4 
(forms  double  ehlorids),  and  alkaloids. 
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AICI3  IB  nsed  somewhat  in  weak  Bolutions  as  a  disinfectant. 
It  is  verj'  hygroscopic  and  is  used  in  organic  Bynthesia  for  uniting 
H  and  CI. 

SnCIg.SH^O  occurs  aa  white  needles.  It  ia  employed 
as  a  mordant  in  dyeing  and  calico-printing,  and  ia  alao  a  strong 
reducing  agent,  precipitating  Aa,  Hg,  and  Au  as  metala  from 
solutions  of  their  salte.  SnCl^  is  a  fuming  yellow  liquid  forming 
crystals  with  one-third  as  much  water,  and  much  used  as  a 
mordant  for  madder-red  colors — gives  "body"  to  colored  fabrics. 
A  solution  of  SbClg  is  used  extensively  for  giving  a  bronze  sur- 
face to  iron  and  steel :  gim-barrelSj  for  instance— and  in  farriery. 
Radium  cblorid  (or  bromid)  is  the  form  in  which  the  metal  Ea 
is  usually  employed,  and  is  extracted  frmn  pitchblende  by  re- 
peated treatment  with  acids  and  alkalies. 

Ideatlfleatlon  of  Chloiida. — AgNOa  iti  presence  ot  HNOj  gives  a 
cnrdy,  white  ppt.,  insoluble  in  boiling  HNOg,  but  instantly  soluble  in 
dilute  NH,HO  (I  lo  20).  A  double  soluble  salt  is  forme.1.  AgCl.  3NH3 
or  2AgCl.  3SH3.  AgCI  also  forma  a  double  soluble  salt,  NaAES..Oa, 
withNajSaOj. 

CHLORATES. 

KCIO3  and  NaClOs  occur  as  colarlees,  shining,  monoclinic 
prisms  with  a  cooling,  saline  taste.  On  heating  they  give  off 
0  with  deflagration.  Violent  explosions  may  result  when 
rubbed  with  S  or  dry  organic  substances.  Owing  to  their  oxi- 
dizing action,  they  are  largely  employed  in  calico-printing  and 
the  mAnufacture  of  anilin  black.  The  K  salt,  soluble  in  161.4 
parts  of  H;0,  ia  used  aa  a  detergent  healing  wash  in  disorders 
of  the  mouth  and  throat  and  in  the  manufacture  of  parlor 
matches,  explosives  and  flashing  powders.  KCIO3  ia  manufac- 
tured by  electrolysis  of  solutions  of  KCl. 

BxperliaeBt.— To  solution  of  KCIO3  add  enough  indigo  solution  to 
tender  distinctly  blue;  then  a  tew  drops  of  HjSO^.  TTie  blue  color 
ranislies.     Why  I 

IdentiAeatloii  of  Chlorates, — Snme  rpnction  h»  cbtnrids  after  heat' 
ing  Mlid  to  redness  and  dissolving  residue  in  wntcr,  or  after  adding 
7.B  and  dilute  H^SOi  to  solution. 

ETTOCHLOBITES. 

Ca(C10)2  is  met  with  chiefly  in  chlorinated  lime:  a  bleach- 
ing and  disinfecting  powder  which  contains  also  CaClj  and  is 
prepared  by  passing  Oi  gas  over  slacked  lime.  NaClO  occurs 
only  in  solution  aa  liquor  podie  chlorata;,  which  should  contain 
2,4  per  cent,  of  available  CI.  Its  disinfectant  action  depends 
both  on  the  CI  and  the  nascent  0.  Hypochlorites  liberate  free 
CI  rapidly  on  addition  of  acids,  and  slowly,  but  spontaneously, 
on  expoeure  to  air,  heat,  and  light  through  a  reaction  with 
COj. 

Ca(C10)2.CaCla  +  2C0a  =^  SCaCOs  +  2CI2 


172  INORGANIC  CHEMISTRY. 

Identification  of  Hypochlorites. — Odor  of  CI.  Blue  color  with  KI, 
starch  paste,  and  acetic  acid. 

PEBCHLOBATES. 

When  KClOa  is  heated  to  352°  it  is  deeomposcd  into 
KCIO4,  KCl,  and  0.  Further  heating  to  400''  breaks  up  the 
perchlorate  into  KCl  and  0.  KCIO4  is  of  no  practical  impor- 
tance. Like  chlorates,  it  must  be  reduced  to  the  chlorid  before 
striking  a  ppt.  with  AgNOs- 

BBOHIBS. 

These  salts  are  usually  made  from  Br  by  combining  it  with 
Fe  or  other  metal  and  then  decomposing  with  a  carbonate  or 
hydrate.  They  have  a  pungent,  saline  taste,  are  very  soluble 
(except  Ag,  Pb,  and  Hg')  in  both  water  and  alcohol,  and  exert 
generally  a  sedative  action  on  the  nervous  system.  On  heating 
they  fuse  and  volatilize,  with  liberation  of  Br.  They  are  also 
decomposed  by  sulphuric  and  nitric  acids.  All  bromids  are 
dianged  to  NaBr  in  the  stomach.  They  may  cause  considerable 
diminution  of  the  urinary  phosphates,  by  depressing  mental 
activity.  Tlic  skin  eruptions  from  bromids  and  other  salts  prob- 
ably depend  on  the  irritation  accompanying  their  excretion 
through  the  cutaneous  glands.  The  official  salts  are  KBr,  NaBr, 
Nn4Br,  LiBr,  CaBr2,  ZnBr2,  and'SrBr2.  AgBr  is  used  largely 
in  photography,  with  gelatin  on  glass  or  celluloid  plates,  and  is 
more  sensitive  to  light  than  AgCl.  AgBr  is  made  by  the  reaction 
between  NIl4Br  and  AgXOa,  the  ppt.  being  washed.  It  is  re- 
duced to  subbromid  on  exposure  in  the  camera.  The  process 
of  reduction  is  completed  by  immersion  in  a  developing  solution 
(FCSO4,  pyrogallol,  potassium  fcrro-oxalate,  etc.),  tne  untouched 
AgBr  being  washed  away  ("fixing^')  with  sodium  thiosulphate. 
The  lights  and  shadows  are  reversed  in  the  negative. 

Identification  of  Bromids. — .^gNO.*)  gives  a  dirty-white  ppt.,  in- 
soluble in  IINO3,  slowly  soluble  in  NH4HO,  but  insoluble  in  dilute  (1  to 
20)  NH4HO. 

An  aqueous  solution,  well  shaken  in  a  long  tube  with  01  water 
and  a  few  drops  of  chloroform,  yields  a  yellow-brown  color,  soon  settling 
to  a  red  stratum. 

HYPOBBOHITES. 

These  are  analogous  to  the  corresponding  chlorin  com- 
pounds. They  are  very  unstable,  and  hence  should  be  used 
fresh.  They  are  decomposed  by  heat,  leaving  a  bromid.  NaBrO 
is  a  useful  reducing  agent  in  the  estimation  of  urea  in  urine. 

BBOMATES. 

These  insoluble  salts  are  of  analytic  interest  only.  KBrOs 
accompanies  KBr  as  an  additional  product  of  KHO  and  812-  It 
is  reduced  to  bromid  by  heating  with  charcoal.    If  present  in 
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a  bromid,  a  yellow  color  (Br)  is  produced  on  addition  to  the 
salt  of  dilute  H0SO4. 

lOBIDS. 

These  salts  are  made  directly  from  the  element,  and  con- 
stitute our  most  valuable  alteratives.  Being  deliquescent,  they 
are  soluble  in  alcohol.  Kl  is  dissolved  by  %  its  own  weight 
of  water,  18  parts  of  alcohol,  or  2V1>  glycerin.  Given  largely 
diluted  in  water,  it  is  a  standard  remedy  for  tertiary  syphilis  and 
in  the  treatment  of  chronic  metallic  poisoning.  It  appears  to 
combine  with  these  poisons  accumulated  in  the  tissues  so  as  to 
render  them  soluble,  and  thus  hasten  their  elimination.  Nal  is 
very  similar  to  the  K  salt,  but  milder  in  action. 

Because  of  its  volatile  alkali,  NH4I  is  of  special  service  in 
chronic  lung  troubles.  It  is  also  the  principal  constituent  of 
tincture  of  iodin  decolorized  with  ammonia.  The  salts  men- 
tioned appear  in  cubic  crystals,  but  Srl2.6H20,  also  oTTicial, 
occurs  in  hexagonal  plates,  and  Znio  in  octahedra.  The  pearly, 
micaceous  crystals  of  Cdl2  are  used  by  photographers  in  iodized 
collodion.  Agl  is  a  heavy,  amorphous,  yellowish  powder,  sol- 
uble in  an  aqueous  solution  of  KCN  or  KI,  and  has  consider- 
able use  in  photography. 

Hgl  is  a  bright-yellow,  insoluble  powder,  darkening  to 
green  on  exposure  to  light,  owing  to  decomposition  into  metal- 
lic Hg  and  Hglo.  Hglo  is  a  scarlet,  amorphous  powder  (some- 
times octahedral),  soluble  in  130  alcohol,  and  almost  insoluble 
in  water  unless  KI  is  also  present.  It  is  extensively  prescribed 
in  the  mixed  treatment  of  syphilis,  being  formed  here  by  reac- 
tion between  KI  and  HgCl2.  Pbl2  is  a  very  slightly  soluble, 
heavy,  lemon-yellow  powder  used  in  ointments  and  plasters.  It 
is  distinguished  from  PbCr04  by  being  soluble  in  XII4CI  solu- 
tion on  boiling. 

There  are  three  iodids  of  As,  of  which  AsT^  is  official.  It 
appears  in  brilliant,  orange  scales,  soluble  in  12  parts  of  water 
or  30  of  alcohol.  Liquor  arseni  et  hydrargyri  iodidi  contains  1 
per  cent,  each  of  this  salt  and  Hglo. 

BiOI  has  been  utilized  to  some  extent  as  a  substitute  for 
iodoform.  Felo  oxidizes  so  readily  on  exposure  to  air  (becoming 
insoluble)  as  to  require  protection  with  about  four  times  as 
much  sugar  of  milk  (ferri  iodidum  saccliaratuni).  Syrupus  ferri 
iodidi  contains  5  per  cent,  of  Felo. 

Identifleatlon  of  Iodids. — AgNOa  gives  a  light-yellow  ppt.,  insol- 
uble in  both  HNO3  and  NH4HO. 

Starch  solution  and  a  few  drops  of  CI  water  j^ivo  a  blue  color; 
destroyed  by  excess  of  CI. 

lOBATES. 

The  iodates,  like  the  chlorates,  are  unstable  cmiponnds 
and  ready  oxidizers.  They  are  of  no  practical  intorest.  KIO3 
is  formed  along  with  KI  when  lo  is  added  to  KIK),  and  is 
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reduced  to  iodid  by  heating  with  wood  charcoal.  To  detect 
KIO3  present  as  an  impurity  in  Ki  add  tartaric  acid  and  atarch 
paste,  getting  a  blue  color.  The  periodate  may  be  prepared  by 
paeaing  CI  into  a  mixture  of  KI  and  KHO. 


CaF2,  Or  fluorspar,  is  a  coimnou  rock,  used  extensively  as 
a  flux  in  metallurgic  operations.  Cryolite,  a  double  fluorid  of 
Al  and  Na,  is  of  importance  as  a  source  of  metal  Al,  as  is  also 
AI2F9,  formed  by  passing  HF  over  heated  alumina.  Finely 
powdered  Buorids  wanned  gently  with  a  little  H2SO4  liberate 
HF,  which  etches  glass,  as  described  under  the  latter  acid. 

SITRO-SALTS. 
General  Characten, — Unstable;  explosive;  ready  oxidizeffl; 
anhydrmis;  white;  neutral  or  nearly  so;  cooling,  saline,  pun- 
gent taste;  soluble  (except  basic)  in  water,  not  in  alcohol; 
deflagrate  on  heating;  refrigerants,  diuretics,  diaphoretics,  and 
vasodilators.  They  occur  in  Nature  commonly  as  an  efflores- 
cence on  walla  or  soils  wherever  organic  matter  is  undergoing 
decomposition  with  evolution  of  NHj,  which  oxidizes  under  the 
influence  of  nitrifying  ferments  into  HNO2  and  HNO3,  and 
these  unite  with  earthy  and  alkaline  mineral  matters.  Arti- 
ficially they  are  made  by  dissolving  a  metal  in  HNO3.  On  heat- 
ing they  evolve  0  and  NO2,  leaving  an  osid  of  the  metal. 


KNO3  is  used  in  medicine,  fireworks,  the  refining  of  gold, 
and  as  a  meat-preservative  along  with  boric  acid,  borax,  and 
NaoCOs,  Ordinary  gtmpowder  is  %  KNO3  and  about  Ys  each 
S  and  charcoal.  The  products  of  its  combustion  are  CO,  COa- 
SOg,  N,  K2S,  etc.  NaNOs  occurs  naturally  as  an  abundant  de- 
posit in  the  dry  regions  of  South  America,  where  it  has  been 
formed  by  oxidation  of  NR3  in  the  soil,  derived  from  guano.  It 
is  very  deliquescent,  and  is  used  chiefly  as  a  fertilizer;  also  as  a 
meat  preservative  and  as  a  source  of  HNOa  and  KNO3. 
NH4NO3  is  utilized  largely  in  the  production  of  the  mild 
anesthetic  N2O.  Ca(N03)2  is  a  very  deliquescent  salt,  soluble 
in  both  water  and  alcohol.  Ba(N03)o  is  an  essential  ingredient 
of  formulas  for  pale-green  fires.  Sr(N03)2  is  used  in  pyro- 
technics because  of  the  brilliant-red  color  it  imparts  to  a  flame. 

AgNOa  is  the  most  important  medicinal  salt  of  silver.  It 
appears  in  colorless,  transparent,  tabular,  rhombic  crystals,  sol- 
uble in  0.6  water  or  26  alcohol.  It  is  used  chiefly  for  its  cau- 
terant,  styptic,  or  astringent  effect  upon  diseased  mucous  mem- 
branes. In  contact  with  animal  matter  AgNOg  breaks  up  into 
metallic  Ag,  which  stains,  and  free  HNO3,  to  which  the  caustic 
properties  are  due.     It  is  used  further  in  hair-dyes,  indelible 
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inks,  and  photography.  The  f used-nitrate  stick,  or  lunar  caus- 
tic, contains  a  little  AgtU  to  toughen  it.  The  mitigated  stick 
Is  made  by  melting  together  1  part  of  AgNOg  and  2  parts  of 
KNO3. 

The  nitrates  of  Ilg  are  prepared  by  dissolving  this  metal 
in  HNO3,  the  product  being  mercuroiis  or  mercuric  according 
as  the  metal  or  the  acid  is  in  excess.  HgNOs-HsO  is  of  intorest 
as  being  the  only  soluble  mercurous  salt;  but  in  the  presence  of 
much  water  an  insoluble  basic  compound  is  formed.  Hg(N03)2 
is  official  in  the  liquor  and  the  ointment,  and  is  used  in  carotting 
skins  for  felt  hats. 

Pb(N03)2  appears  ia  large  octahetlra,  soluble  in  2  parts  of 
vater.  It  is  nscd  in  the  manufacture  of  mordants  for  dyeing 
and  calico-printing.  Cu(N03)2.3HaO  occurs  in  deep-blue,  deli- 
quescent cr)'Btals  that  are  highly  corrosive.  Bismuth  subnitrate 
(BiO)N03.H20,  is  a  heavy,  white,  tasteless,  insoluble  powder 
(mineral  acids  dissolve  it  readily).  Like  the  subcarbonate,  it 
is  used  for  its  local  sedative  effect;  also  as  a  cosmetic  and  in 
staining  glass  and  glazing  porcelain.  Ferrous  and  ferric  ni- 
trates are  used  in  dyeing.  The  nitrate  ion  produces  local  irri- 
tation of  mucous  membrane. 


IdentiltcBtlon  of  Rltrates.— Mixed  with  a  aolution  of  FeS04  in 
prp»en«  of  H^SO^,  a  bluek  coloration  is  producod,  due  to  NO  absorbed 
by  lerroiiB  salt,  which  is  changed  to  ferric  sulphate  on  heating,  with 
diappearunre  0/  color. 

One  drop  of  phen}'! -sulphuric  acid  1 1  part  of  carbolic  acid,  i  purta 
of  HjSOj.  2  parts  nf  HjO}  added  to  salt  or  reaidue  evaporated  over 
«atet-bath  j-ielda  a  reddish  color,  due  to  nitropbeDOl. 

A  solution  of  diphenykmin,  NII(C8H5)2.  in  H2SO4  gives  a 
deep-blue  color  with  nitrates;  pyrogallol  yields  a  deep-brown 
wlor,  on  sliding  cone.  HaSOj  down  the  side  of  the  tfist-tube. 


KNO2  Bod  NaNOs  are  prepared  by  reducing  the  corre- 
sponding nitrates  by  heating  with  Pb  or  Cu.  They  are  light 
wUowish  in  color,  very  soluble  in  water,  and  mostly  soluble  in 
•kofaol,  which  is  used  to  separate  nitrites  from  nitrates.  The 
Na  salt  is  the  essential  constituent  of  spirit  of  nitrous  ether, 
asd  is  also  employed  in  the  manufacture  of  colors.  NH^NOa  is 
formed  in  the  atmopphere  during  thunder-storms,  C02(]N'02)b- 
CNaN02  is  a  delicate  reagent  for  K  salts,  showing  as  little  as 
0.(H  per  cent.  The  n it ro -com pounds  owe  their  vasodilator 
activity  to  the  NOa  ion. 

UestUontion  ot  ITitiltes. — Red  fumes,  when  treated  with  strong 

DKrlc-browB  eolor  with  FeSO^  without  previous  addition  of  H^SO^. 
lutant  blue  volor  with  KI  and  starch  paste  on  adding  a  tew  drops 
of  lljSU^,   which  liberntei  nitrous  acid. 

2HNO,  +  am  =  Ij  +  SHjO  +  2N0 
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THIO-SALTS. 

General  Characters. — Usually  white,  and  acid  in  reaction 
(hydrosulphids  alkaline) ;  give  off  sulphurous  or  sulphuretted 
odors  when  heated  or  treated  with  mineral  acids;  mostly  in- 
soluble, except  the  alkaline  salts  and  a  few  others.  Any  com- 
pound containing  S  responds  to  hepar  test,  which  is  to  fuse 
substance  on  charcoal  with  NaoCOs  and  KCN  by  means  of  blow- 
pipe. The  sulphid  thus  formed,  when  placed  on  a  silver  coin 
and  moistened  with  dilute  HCl,  causes  a  black  stain  of  Ag^S. 

STJLPHIBS. 

These  are  of  little  medical  interest,  though  of  extremely 
abundant  occurrence  in  Nature.  All  are  insoluble  in  water  ex- 
cept those  of  K,  Na,  Ca,  Ba,  and  Sr.  Sulphids  are  very  weak 
salts,  decomposed  even  by  carbonic  acid.  They  are  recognized 
by  evolving  lIoS  when  heated  with  HCl,  the  former  acid  being 
readily  detected  by  its  odor  and  characteristic  reactions.  A 
delicate  test  for  soluble  sulphids  is  the  transient  purple  color 
produced  by  sodium  nitroprussid.  Sulphids  insoluble  in  HCl 
form  sulphates  on  heating  with  strong  HNO3  or  nitrohydro- 
chloric  acid.  Polysulphids — K2S3,  for  instance — are  known  by 
the  deep-yellow  or  orange  color  of  their  solutions,  and  by  evolving 
n2S  with  deposition  of  S  on  treating  with  HCl  or  dilute  H2SO4. 
PbS  is  reduced  by  heating  with  iron  nails.  The  sulphids  of  Ag, 
Sn,  Cu,  Bi  and  Sb  are  readily  reduced  by  passing  dry  H  over 
them  at  a  red  heat. 

CSo  is  a  colorless,  volatile  liquid  (sp.  gr.,  1.268)  with  an 
ethereal  or  fetid  odor.  It  is  prepared  by  passing  vapors  of  S 
over  red-hot  coals.  It  is  soluble  in  alcohol,  ether,  chloroform, 
and  oils.  The  vapor  is  very  inflammable,  and  acts  as  a  depress- 
ant poison  when  inhaled.  CS2  is  a  powerful  solvent  of  rubber 
and  oils  (used  to  extract  seeds  and  animal  refuse),  S,  P,  and  I, 
and  an  efficient  insecticide.  On  account  of  its  great  refractive 
properties,  it  is  used  to  fill  the  hollow  glass  prisms  of  the  spec- 
troscope. 

Potassa  sulphurata  is  a  mixture  of  polysulphids  with  K2SO4 
and  K2S2O3.  Calx  sulphurata  is  a  crude  CaS,  and  is  phosphor- 
escent in  tlie  dark.  Luminous  paint  is  made  by  mixing  S  and 
oyster  shells.  Its  phosphorescence  is  due  to  slow  oxidation  of 
the  CaS  to  CaS04. 

IlgS  occurs  as  a  black  variety  and  two  red  ones,  used  in 
painty,  namely :  cinnabar  formed  by  sublimation  of  black  HgS, 
and  vermilion,  made  by  stirring  and  subliming  1  part  S  with 
7  parts  Hg.  Vermilion  is  used  to  redden  the  rubbers  for 
artificial  dentures.  It  is  sometimes  adulterated  with  red  lead, 
l'G20a,  AP2S3,  brick  dust  and  other  reddish  subst^ces,  which 
may  irritate  the  gums.     Pure  vermilion  in  dental  rubbers  should 
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not  be  decomposed  by  the  saliva.     MnS  when  hydrated  ie  pink; 
i>n  standing  it  dehydrates  into  {sjeea  MnS. 

tinS^  is  a  gold-colored  scale  compound  used  for  bronzing 
wood  and  (ypsum.  PbS  is  a  black  powder  used  for  glazing 
pottery.  AsaSs  is  employed  as  a  red  coloring  a^nt  in  leather 
masafacture  and  in  tlie  preparation  of  white  or  Indian  fira 
(2  parts  with  7  S  and  24  KNO3).  Amorphous  SbjS..,  is  used 
occasionally  as  an  emetic  and  more  frequently  in  vulcanizing 
raoutrhoDc,  giving  to  this  a  reddish-brown  color.  FeS,  obtained 
artificially  by  fusing  together  Fe  (filings)  and  S,  serves  in  the 
laboratory  as  the  source  of  HaS.  FeSj,  the  native  pvrites,  is  of 
immense  importance  as  the  chief  source  of  HoSOi  and  FeSO^. 
CdS  is  8  yellow  pigment  used  by  artists.  AgaS  (argentite,  or 
vitreous  silver)  is  found  in  Nature  in  dark-gray,  regular  crystals, 
and  the  so-called  o.xidized  silver  is  ordinarily  prepared  by  coating 
with  a  thin  layer  of  AgaS,  obtained  by  heating  together  Ag  and 
KjS.  NH^SH,  the  siilpbydrate  or  hydrosulnhid,  is  obtained  by 
saturating  water  of  ammonia  with  HaS  till  a  portion  of  the 
liquid  ceases  to  cause  a  white  ppt.  with  MgSOj  solution.  It  is 
a  colorless  liquid,  becoming  yellow  on  exposure  to  the  air,  owing 
to  formation  of  higher  ammonium  polysulphids  and  free  S. 
The  neutral  compound  (NH()2'^  '^  formed  by  adding  to  the 
NH^Sn  solution  excess  (an  equal  volume)  of  NIT4HO.  Both 
compounds  are  valuable  reagents  in  analytic  group  work  of  the 
"  fcTy  metals-  Ca{Sn)2  is  known  only  in  solution  and  is  used 
»  depilatnn-. 

SITlf  HATES. 

The  pulphati>s  are  bitter  salts  found  in  sea  and  salt-lake 
waters  and  many  minerals.  They  are  generally  soluble  in  water 
(except  Pb  and  alkaline  earths),  but  insoluble  in  alcohol.  They 
are  nsed  in  me<licine  as  hydragog  cathartics  and  astringents. 
Sulphalrii,  phosphatt'9,  tartrates  and  citrates  are  less  readily  ab- 
iorl)c<l  tlian  the  univalent  salts  of  the  same  metals;  hence  they 
exert  osmolic  pressure  in  the  bowels.  Mg,  being  bivalent,  is  more 
slowly  absorbed  than  univalent  Na,  therefore  MgS04  is  more 
purgativf  than  NaaSOi,  though  MgS04  is  largely  changed  to  the 
aci<l  carbonate  and  NajSO^  in  the  bowel.  The  fluid,  drawn  by 
osmosis  from  the  blood-vessels,  by  its  weight  and  the  distension 
of  the  large  bowel  canscs  increased  peristalsis  and  evacuations 
which  are  much  more  prompt  than  those  from  vegetable  purga- 
tives, moet  of  the  salt  appearing  in  the  feces.  The  more  con- 
centrated the  Bolution  of  salts  and  the  more  fluid  in  tlie  tissues, 
the  more  profuse  the  evacuations  will  be.  Ca  salts  would  prob- 
ably be  aperient  were  they  not  so  readily  pptd.  The  astringent 
action  of  lime  wafer  is  thought  to  bo  due  to  the  formation  of  in- 
Bolable  compounds  with  surface  proteids. 

NajSO^.TOHaO  is  employed  m  glass  manufacture.  ( NH* )  3- 
SO),  prepared  by  saturating  amraoniacal-gas  liquor  witli  HiHO^, 
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and  evaporating,  is  the  basis  for  the  manufacture  of  other  NH4 
aaltii,  and  is  a  constituent  of  artificial  manure.  In  addition  to 
extensive  medica!  employment,  MgSOi  is  utilized  as  a  finisher 
in  dyeing  and  calico-printing. 

CaS04.9K20.  or  gj-psinm,  is  an  abundant  rock,  which,  when 
burnt  at  115°  so  as  to  lose  about  three-fourths  of  its  water,  and 
then  ground,  is  known  as  plaster  of  Paris.  This  is  a  fine,  white 
powder  much  used  by  artists  (for  casts),  surgeons  (for  splints), 
and  dentists  (for  molds)  by  reason  of  its  "setting"  with  water, 
which  is  taken  up  as  water  of  crystallization,  expanding  slightly 
aud  forming  the  stone-like  gypsum  again.  The  finer  the  powder, 
the  more  quickly  it  sets.  Borax,  common  salt,  K2SO4,  and  other 
compounds  quicken  this  process  by  facilitating  osmosis.  The 
K  salt  or  alum  and  gelatin  or  varnish  give  a  polished  surface  to 
the  dry  plaster.  Under  various  trade  names  plaster  of  Paris  is 
used  for  giving  a  hard  finish  to  plastered  walls.  Both  hydrated 
and  dehydrated  gypsum  are  soluble  in  dilute  acids  and  in  ayrup. 
Gypsum  is  also  used  as  a  fertilizer  and  cement,  and  the  artificial 
saJt  (pearl -hardening,  or  annaline)  is  employed  as  a  filling  for 
writing  paper. 

Experiment. — Prove  preaence  of  water  of  cryatalliiwtion  in  gypsum 
bj  heating  a  lump  of  this  and  noticing  moisture  on  sides  of  tube  knd 
loHB  o[  crystalline  appearance. 

BaSOj  is  a  heavy,  very  insoluble  compound  used  to  give 
weight  to  cards  and  paper  and  as  a  pigment  in  water-colors, 
under  the  name  of  permanent  white,  since  it  does  not  blacken 
with  atmospheric  IlaS.  It  is  used  with  alum  in  making  arti- 
ficial marble. 

The  sulphates  of  the  heavy  metals  are  generally  astrin- 
gent, owing  to  the  SO^  radical  being  combined  with  not  very 
positive  metals.  ZnSO^  is  an  effective  irritant  emetic,  and  la 
used  in  finishing  cotton  goods.  CuSO^.SHoO  occurs  in  large 
deep-blue,  triclinic  crystals,  soluble  in  2.6  parts  of  water,  used 
as  an  astringent,  as  a  mordant,  in  electrotyping,  and  in  gravity 
batteries.  CuS04,4NH3.H20,  made  by  adding  excess  of  IOT4- 
HO  to  solution  of  CUSO4,  is  used  as  a  styptic  and  as  a  test  for 
As,  The  yellow  subsulphate  of  mercury,  Hg(H0)2S04,  is  a 
nearly  insoluble  powder  sometimes  employed  as  an  emetic. 

The  alums  are  double  sulphatoa  comprising  an  alkaline  and 
a  seaquisulphate  (Fe,  Mn,  Cr,  A\)  and  12  molecules  of  water 
of  crystallization.  Common,  or  potash,  alum  [KA1(S04)2.12- 
H2O]  forms  large,  colorless,  efilorescent  octahedra  having  a 
Bweetisli  and  strongly  astringent  taste  and  soluble  in  10'/^  parte 
of  water.  It  is  much  used  as  a  mordant  in  dyeing,  calico-print- 
ing, and  in  the  form  of  "lakes"  for  pigments. 

Experiment. — Show  insoluble  lake  formed  by  adding  Na^COg  and 
saturated  altim  solution  to  a  i:ocliineal  solution,  nnd  note  how  the 
supernatant  liquid  ia  decolorized.  The  acetate  ia  usually  employed,  the 
acetic  acid  being  driven  off  bj  heat,  leaving  the  hydrate. 
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Alum  loses  all  its  waUr  of  crystallization  (45  per  cent.)  on 
heating  t«  200°,  leaving  dried,  or  burnt,  alum,  which  is  much 
less  soluble  than  tlie  Iiydrous  salt,  and  h  mildly  eecharotic  be- 
cause of  its  avidity  for  water.  Ammonia  alum  [Al(NIl4)- 
(SO«)2-13H20]  has  the  eame  appearance  and  properties  as 
potash  alum  and  is  somewliat  more  soluble.  Al  may  be  replaced 
brother  metaIs,fonning ferric  alum  [Fe(NH4)  (S04)2.12H20], 
manganese  alum,  or  chrome  alum.  Soda  alum  is  much  used 
as  the  acid  element  in  cheap  baking-powders.  This  practice  is 
reprehensible,  since  a  part  of  the  i>alt  clianges  in  the  stomach 
into  phosphate  and  hydrate  of  Al,  both  of  which  are  soluble  in 
the  gartric  juice,  and  the  continued  u^^e  of  such  baking-powders 
leads  to  chronic  dyspepsia  and  nervous  disorders.  Hot  alum 
solutions  make  a  good  "pickle"  for  dissolving  borax  glass  from 
metals  after  soldering. 

MnS04,4H20  appears  in  rose-colored  crystals,  soluble  in 
an  equal  weight  of  water.  It  produces  a  permanent  brown  dye. 
FeSO4.7n20  occurs  as  large,  light-green,  efflorescent  cryatalB, 
soluble  in  water,  hut  not  in  alcohol-  It  is  found  in  Nature  in 
ferruginous  mineral  waters.  It  is  used  for  making  ink  and  as 
a  disinfectant.  It  destroys  organic  matters  by  abstracting  their 
0.  Fe2(S04)3  ia  a  white  masa  dissolving  in  HjO  to  make  a 
reddish-brown  solution  of  liquor  ferri  tersulphatis.  This  is 
ctyptic  and  hemostatic,  like  the  subsulphate:   Fe40(S04)5. 

A  saturated  solution  (8: 100)  of  nickel  ammonium  sulphate 
is  used  in  electroplating.  The  plus  pole  should  consist  of 
metallic  Ni,  and  it  is  best  to  copper-plate  the  steel  first.  The 
double  sulphate  of  Fe  and  NH4  ia  employed  for  the  oleetro- 
deposition  of  iron  to  face  copper  plates. 

IdentUcation  of  Sulpbates.— BnClg  produces  a  white  ppt.  of  ItaSO,, 
iwnliibte  in  boiling  water  (if  reagent  rryatalliKea  out,  this  dissolves)  and 
•Iw  in  boiling  UtiOn.  Insoluble  sulphates  (Ba,  St,  Cn,  and  Pb)  must 
flnt  be  boiled  with  KUO  or  NaHO,  or  be  ignited  with  an  alkaline  car- 
bonalc  and  the  blowpipe  on  it  piece  of  clean  cliarcoal. 

SULFKtTES. 
Tlies^  are  usually  prepared  by  passing  gas  from  burning  S 
into  solution  of  a  hydrate,  forming  acid  or  normal  salts,  accord- 
to  the  relative  amount  of  the  reagents.  They  are  unstable 
gradually  changing  to  sulphates  on  exposure  to  the  air; 
|m  reducing  agents;  and  are  decomposed  by  heat  {some  into 
and  SOfl,  others  into  sulphids  and  sulphates).  The  alka- 
le  rolpbites  are  soluble ;  all  others  insoluble.  Na^SOa  gives  off 
the  strong  reducing  agent  SO™  in  the  stomach.  Sulphites  and 
hypontlphites  are  absorbed  and  eliminated  as  sulphates,  having 
a  rait  action  only  in  the  tissues.  NaHSO^  is  need  in  solid  form 
and  in  solution  as  a  preservative  and  a  bleaching  agent.  This, 
Uke  all  Bulphites.  evolves  SO2  without  deposition  of  S  on  heating 
with  acids.     CaSOs  is  used  as  a  preservative  by  cider-makers, 
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and  the  same  salt  in  excess  of  II2SO3  is  employed  by  brewers. 
Benzoinated  NaoSO^  has  been  utilized  by  dentists  as  a  deodorant. 

Identification  of  Sulphites. — BaCU,  added  to  a  neutral  solution, 
gives  white  ppt.  of  BaSOs,  soluble  in  dilute  HCl. 

Ag2^^3  darkens  on  boiling,  owing  to  decomposition  into  H2SO4  and 
metallic  Ag. 

THIOSTTLPHATES. 

Na2S203.5n20,  the  commercial  "hyposulphite,"  is  soluble 
in  two-thirds  of  its  own  weight  of  water,  but  insoluble  in  alco- 
hol. It  is  used  extensively  in  photography,  under  the  name  of 
^*hypo,"  to  dissolve  the  unaltered  halogen  compounds  of  Ag. 
It  is  also  employed  to  remove  the  excess  of  CI  in  bleaching  and 
paper-manufacture  and  in  lixiviating  silver-ores. 

Identification  of  Thiosulphates. — Dilute  or  strong  HCl  or  H2SO1 
drives  off  SOo  and  produces  a  yellow  deposit  of  S.  The  liquid  turns 
green  on  adding  K2Cr207. 

HYPOSITLPHITES. 

XaHS02,  the  true  hyposulphite,  is  used  in  dyeing  and  to 
reduce  indigo  and  in  the  estimation  of  free  0  in  the  laboratory. 
The  hyposulphite  of  Ag  and  of  Na  is  very  soluble,  and  does  not 
coagulate  albumins  nor  stain  the  skin. 

CAEBON  SALTS. 

General  Characters. — Carbonates  and  bicarbonates  are 
usually  white  and  generally  alkaline,  because  of  the  weak  acid 
radical.  Carbonates  are  generally  insoluble,  except  alkaline; 
bicarbonates  of  alkalies  and  alkaline  earths  are  soluble.  Bicar- 
])onates  are  formed  by  passing  excess  of  CO2  into  carbonate 
solution.  Carbonates  are  generally  prepared  by  passing  CO2 
into  solution  of  hydrate  or  by  double  decomposition  of  a  soluble 
carbonate  and  soluble  salt  of  the  base.  Both  give  off  CO2  on 
treating  with  acids,  which  dissolve  them;  the  bicarbonates  also 
on  simple  heating  above  t50°.  Bicarbonates  tend  to  break  down 
spontaneously  into  CO2,  HoO,  and  carbonates,  which,  being  less 
soluble,  form  sediments  and  deposits. 

CABBONATES  AND  BICABB0NATE8. 

KoCOjj  is  derived  from  wood-ashes,  fermented  beet-roots, 
molasses,  sheep's  wool,  camallite,  and  kainite.  It  is  soluble  in 
a  little  more  than  its  own  weight  of  water,  but  insoluble  in 
alcohol.  Na2C0;{. 101120  is  found  in  the  ashes  of  all  plants, 
especially  those  growing  near  salt  water  and  in  the  Caspian  and 
other  seas.  It  is  commonly  manufactured  in  Europe  from  NaCl 
and  II2SO4  by  the  Tjoblanc  proc?F8,  the  resulting  sulphate  or 
salt  cake  being  reduced  to  sulphid  with  C  in  a  revolving  furnace, 
and  at  the  same  time  caused  to  react  with  limestone.    This  crude 
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f>oda,  or  black  ash,  is  iifcd  iii  blfacliing.  aoap-makins,  ani]  tin- 
manufacture  of  grwn  gla??.  Puriflcatinn  U  pffectedov  Uxivia- 
tinn,  rvspornling  the  roneentrnted  solution,  and  crvstiOii?; 
The  ainmonin-soda  procosa  is  pre- 
Urm\  in  the  UniU.1  States.  It 
consirts  ill  running  commmi  salt 
solution  Ihnnigh  NH:i  giw  »n<t 
then  thrnugii  a  satiimttii  solution 
of  COj.  Thii  resulting  pparincly 
hiiubli-  NaHt'Oji  18  converted  into 
uormal  carbanatc  hy  limt.  Na^- 
CO3  is  soluble  in  16  lloO  or  1 
part  Kl3fcerin,  hut  ia  iusrilnhle  in 
nlcoliol.  It  ifl  of  great  impor- 
tance a?  the  base  from  which 
mtnv  other  s*)iliiim  salts  are  pre- 
pared. NallOOa  is  employed  in 
textile  influstries  fnr  its  nlkiilim- 
effect  in  scouring  voo)  nud  im 
gnmtning  silk.  It  i*  a  i'oni|M)ni'(i[ 
of  tDOrt  bakinp- powders,  bciri;: 
eombiucl  in  Uiese  with  starch  and 
some  compound  with  an  acid 
reaction.  iirefenUdy  KIIC«H40,i. 
Id  pr«»ence  of  heat  and  nioisturf 
the  two  oppoftinE  salts  react  ti 
liberate  COj.  which  raise,*  \\\- 
donsh  and  renders  the  baked  Imif 
light  and  porous. 
NaHCOj  4-  KlIC^H^Ou  -- 
KN'«C4H,Oo  4-  CO2  +  H.O 

The  dried  Na3COa.HoO  of 
the  C.  S.  P.  should  contain  at 
loast  85  per  dent,  of  the  anhydri>u- 
wlL  Impure  Na-OOa  is  lli" 
iimrt  comtnim  conetituent  of  drv 
chctnic  fire  ejttinguishers,  whidi 
also  contain  siimetiincs  Na.■SO^ 
and  CaFa. 

The  official  ammonium  cai- 
booale  is  a  compound   acid  nn'- 
tnoniam    carbonate   with    aitim  < 
funin    carbamate,    and    h;iv    II 
formtila     NH4H003.NII<  Nil 

COa-  It  appears  in  hard.  g|.ri»(cd  [lui?-.";,  idIIi  ammonlacHl  odor 
and  aharp,  saline  taste.  Whin  exposed  to  «ir  it  loses  both  NH,.) 
and  CO5.  A  solution  of  the  normal  salt  for  reagent  purposea 
isflbtained  by  adding  NH*HO  (ppcvents  absorption  of  COj  and 
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formation  of  bicarboDate).  Aromatic  spirit  of  ammonia  is  a 
eolution  of  normal  carbonate  in  diluted  alcohol,  flavored  n'itb 
eBsential  oils  (lemon,  nutmeg,  lavender). 

Li2C03  requireg  80  parts  of  water  to  dispolve  it.  It  is  used 
medicinally  as  a  uric  acid  solvent,  CaCOj  is  prescribed  as  an 
antacid,  chiefly  in  ti:e  form  of  native  cluilk  prepared  by  elutria- 
tion.  Precipitated  clialk  is  formed  by  the  reaction  between 
NagCOs  and  CaCU.  It  is  non-crystalline,  and  is  used  in  tooth- 
powders.  Whiting  and  Taris  white  are  impure  forms  of  chalk 
used  as  polishing  agent*.  Common  putty  is  a  mixture  of  whiting 
and  linseed-oil.  BaCOn  and  SrCOa  are  used  as  bases  for  the 
preparation  of  other  salts. 

Magnesia  alba  [(MgC03)4Mg(OIi)2.5H20]  is  prepared  by 
boiling  each  in  80  parts  of  water  10  parts  MgSO^  and  13  N"a2- 
COa ;  the  solutions,  mixed  in  the  cold,  are  then  boiled  for  fifteen 
minutes  and  strained.  It  is  a  loose,  white,  bulky  mass,  odorless, 
and  of  an  earthy  ta^ite;  practically  insoluble  in  H^O,  but  dis- 
solved readily  by  dilute  acids,  with  active  effervescence,  giving  off 
761  volumes  of  C02-  It  is  also  quite  soluble  in  NH4GI  solutions. 
It  is  used  as  an  antacid,  and  is  cathartic  in  the  presence  of  acids. 
The  heavy  earhonate  of  the  British  Pharmacopeia  is  prepared  by 
mixing  the  above  reagents  each  in  20  parts  of  HjO  and  evaporat- 
ing to  diynesa. 

The  official  zinc  carbonate  is  an  amorphous,  impalpable, 
pale  pink-brown  powder  of  inconstant  composition,  which  is 
usually  expressed  as  2ZnC03.3Zn(OH)2.  Almost  totally  insol- 
uble in  water  and  alcohol,  it  dissolves  readily  in  dilute  acids, 
carbonated  waters,  and  ammonium  hydrate  and  carbonate. 
AgaCOa  differs  from  other  carbonates  in  being  yeliow  and 
turning  black  on  eiposure  to  oir  and  light.  Malachite  and 
azurite,  the  native  basic  carbonates  of  Cu,  are  green  and  blue, 
respectively,  and  ore  used  for  ornamental  purposes.  HgaCO.i 
and  basic  mercunc  carbonates  are  imimportant  light-yellow  and 
brownish-red  salts. 

White  lead,  or  basic  lead  carbonate  [(PbC03)2Pb(OH)a], 
manufactured  from  lead  by  exposing  it  to  the  simultaneous 
action  of  air,  CO2,  and  vapprs  of  acetic  acid,  is  of  immense 
industrial  importance  as  the  basis  of  most  paints,  for  which 
purpose  it  is  ground  with  .  per  cent,  linseed-oil  or  turpentine 
and  often  variously  colored.  The  basic  bismuth  carbonate 
[(BiO)2C03.H20]  is  a  white  powder  used  in  medicine  for  its 
antacid  and  local  sedative  effect,  being  quite  insoluble  in  water. 
Official  FeCOg  is  protected  from  atmospheric  oxidation  by  ad- 
mixture with  sugar. 

Identlflcatfon  of  CaTbonates  and  Bicarbonatei.— They  efTervesoe 
with  any  acid,  except  H^S  and  HCN,  giving  oft  a  colorUss,  odorlesa  gaa 
which  turns  llTne-water  milkir.  Soluble  carbonates  give  a  white  ppt. 
with  cotd  eolutions  of  MgS04i  birarbonatcs  not.  HgClj  gives  a  reddiah- 
broWD  ppt.  with  carbonatea  of  K,  Na,  and  Li;  a  white  ppt.  with  their 
bi  carbonates. 
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CARBIDS. 

The  chief  earbid  of  interest  is  CaC2,  lustrous,  dark-brown, 
hardj  brittle  masses,  prepared  by  heating  in  an  electric  furnace 
a  milture  of  lime  and  coal  or  coal-tar.  It  is  important  aa  being 
the  source  of  acetylene-gas.  Carborundum,  SiC,  is  made  in  the 
electric  furnace  from  carbon,  salt  and  sand  at  about  3500°.  It 
occurs  in  dark-green  iridescent  crystals,  which  are  nearly  as  hard 
as  the  diamond,  and  is  used  as  a  polishing  agent. 

SITLPHOCARBONATES. 

These  salts  resemble  carbonates  in  constitution,  but  con- 
tain S  in  place  of  0. 

PHOSPHO-SALTS. 

Oeneral  Cliaracters. — Usually  white;  efflorescent;  cooling, 
saline  taste.  Alkaline  phosphates,  phosphites,  and  pyrophos- 
phates soluble  in  water,  but  not  alcohol ;  others  soluble  in  dilute 
acids.  Hypo-salts  all  soluble,  unstable  when  in  solution — usually 
protected  by  sugar.  Phospho-salts  act  chiefly  as  laxatives  and 
mild  biliary  stimulants,  except  hypo-salts,  which  are  used  errone- 
ously as  a  medium  for  the  administration  of  P.  Hypophop- 
phites  are  excreted  unchanged  in  the  urine,  and  there  is  no 
reason  to  suppose  that  they  have  any  further  action  than  other 
indifferent  salts,  such  as  cWorids  of  the  same  metals  (Cushny) . 

PHOSPHATES,  OR  ORTHOPHOSPHATES. 

These  are  prepared  by  neutralizing  (or  a  little  more)  H3PO4 
with  a  hvdrate  or  carbonate.  Three  classes  of  salts  are  formed 
according  as  1,  2,  or  3  H  atoms  of  the  tribasic  acid  are  replaced 
by  the  metal;  2  atoms  are  always  replaced  when  the  acid  is 
neutralized  by  a  carbonate.  Trisodic  phosphate,  Na:J^04.- 
I2H0O,  is  alkaline  in  reaction.  On  exposure  to  air  it  absorbs 
COo,  forming  NaoCOa  and  disodic  phosphate.  This  latter,  Na-j- 
HPO4.I2H2O,  is  the  official  and  commercial  phosphate  of 
sodium,  and  is  the  salt  on  which  the  alkalinity  of  tlie  blood 
depends  largely.  It  is  slightly  alkaline  to  litmus,  but  not  to 
phenol ph thai ein.  It  appears  in  large,  monoclinic  prisms,  solu- 
ble in  5.8  H2O,  but  insoluble  in  alcohol.  At  half  a  red  heat  it 
changes  to  the  pjTophosphate : — 

2Na2HP04  =  Na4P207  +  HoO 

The  alkaline  reaction  of  Na3P04  and  Xa._>TTP04  is  due  to  TIO 
liberated  by  reaction  with  water,  similarly  to  tlie  hydrolyzation 
of  the  carbonates  of  Na. 

Monosodic  phosphate,  NanoP04.1ToO,  Ims  an  acid  reaction, 
and  is  the  chief  source  of  urinary  acidity.     ^[icroco«mic  salt. 
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NaNH4HP04.4H20,  on  heating  gives  off  water  and  NH3  and 
forms  a  clear  glass  (sodium  hexametaphosphate)  on  cooling. 
Hence  it  is  used  in  blowpipe  analysis.  Li2HP04  is  notewortliy 
as  being  the  only  insoluble  Li  salt.  According  to  Dorcmus, 
(NIl4)2nP04  is  ihe  best  agent  to  render  fabrics  non-inflam- 
mable. 

Ca3(P04)2  occurs  for  the  most  part  in  the  southern  United 
States  and  West  Indies  in  the  phosphate  rock  made  up  largely 
of  the  bones  of  prehistoric  marine  animals.  It  is  dissolved  by 
COo  in  the  soil  for  the  use  of  plants.  It  is  extracted  with  HCl 
and  precipitated  with  NH4HO.  It  dissolves  readily  in  solu- 
tions of  ammonium  salts,  NaNOs,  NaCl,  etc.  It  is  prescribed 
in  the  syrup  of  calcium  lactophosphato  and  is  also  used  very 
extensively  as  a  fertilizer.  Acid  phosphate  or  "superphosphate 
of  lime"  is  a  mixture  of  CaS04  and  Can4(P04)2,  prepared  by 
treating  bones  or  phosphate  rock  with  two-thirds  as  much,  by 
weight,  of  112804.  It  is  employed  in  cheap  baking-powders  and 
as  a  fertilizer,  being  a  necessary  ingredient  of  seeds. 

Normal  magnesium  phosphate,  Mg3(P04)2,  is  also  found 
in  bones.  Ag3P04  is  a  pale-yellow,  amorphous  compound. 
MnP04.Il20  is  a  green isli-gray  powder.  Ferri  phosphas  solubilis 
is  an  oflicial  scale  preparation  containing  FeP04.  Fe3(P04)2  is 
a  slate-colored  compound  turning  blue  in  the  air.  It  has  been 
found  in  phthisic  s])uta,  in  pus,  and  in  disinterred  bones. 

Identification  of  Phosphates. — BaCIo  give3  white  ppt,  soluble  in 
noetic  and  all  stronger  acids. 

Solution  of  (NH4)oMo04  in  HNO3  (forms  molybdic  acid)  yields  a 
yellow  ppt.,  insoluble  in  acids,  but  soluble  in  NTI4HO.  Arsenates  give 
a  similar  ppt. 

AgNO^  gives  lemon  yellow  ppt.,  soluble  both  in  HNOs  and  NH4HO. 
Uranic  nitrate,  in  presence  of  HC2H3O0,  yields  a  yellow  ppt. 

PYBOPHOSPHATES. 

As  the  name  indicates,  these  salts  are  prepared  by  heat- 
ing orthophosphates  to  250°.  There  are  two  series,  according 
as  2  or  4  H  atoms  of  the  acid  are  replaced.  Na4P2O7.10H2O 
is  official,  and  occurs  in  colorless,  transparent,  monoclinic 
prisms  or  a  crj'stalline  powder.  Fe4(P207)3  is  the  salt  present 
in  the  official  scale  preparation  ferri  pyrophosphas  solubilis. 

Identification  of  Pyrophosphates. — AgNO.'{  gives  white  ppt.  in  neu- 
Inil  <*olutions,  soluble  both  in  HNO;.  and  in  NH4HO. 

METAPHOfiPHATES. 

Those  salts  arc  prepared  by  heating  the  ortho-salts  to  red- 
ness. By  polymerization  five  series  of  salts  are  formed,  viz.: 
I^PO.-},  motaphosphate;  R2^20o?  dimetaphosphate;  RsPsOg, 
K4P46J0;  and  KgPoO]8,  hexametaphosphate.  They  are  of  no 
practical  interest.  They  give  the  same  reaction  as  that  aboYe 
under  pyrophosphates,  and,  in  addition,  coagulate  albumin. 
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PHOSPHIT£S. 

They  are  strong  reducing  agents,  and  bum  on  Pt  foil.  Tlie 
general  5formula  of  these  salts  is  B2HPO3.  They  are  of  no 
consequence.  They  are  distinguished  from  hypophosphites  by 
yielding  ppts.  with  Ba  and  Ca  hydrates  and  with  Pb (0011302)2- 

HYPOPHOSPHITES. 

These  salts  are  prepared  from  the  Ca  or  Ba  salt  by  double 
decomposition  with  a  carbonate.  The  hypophosphit-os  are  active 
reducing  agents,  and  should  not  be  rubbed  with  oxidizing  agents 
for  fear  of  an  explosion.  When  heated  in  a  dry  test  tube  they 
give  off  II3P,  which  ignites  spontaneously  with  a  yellow,  phos- 
phorescent flame. 

Ezpeiiment. — Boil  together  in  solution  nny  liypophosplnte  aTi<l 
H^U.  and  note  ppt.,  first,  of  white  calomel  and  thon  black  mercury. 
KUo^^  i8  soluble  in  0.6  water  and  in  7.3  alcohol;  NaPHoO.j.TIoO  in  1 
water  or  30  alcohol;  Ca(H2P02)2  in  6.8  water,  not  in  alcohol; 
Fe(PH202)8  sparingly  in  water,  not  at  all  in  alcohol.  Tlie  oflicial  syrup 
contains  the  first  three  salts  just  mentioned. 

Identifleation  of  Hypophosphites. —  (NH4)  0^1004  gives  a  fine  blue 
ppt.    The  reaction  is  aided  frreatly  by  adding  a  few  drops  of  IIoSO^j. 


PHOSPHIDS. 

The  only  phosphid  of  any  importance  is  Zn.jPo.  It  is  uiado 
by  direct  union  of  P  and  melted  Zn,  and  appears  as  a  gritty, 
dark-gray  powder  or  minutely-crystalline,  friable  fragments 
with  metallic  luster.  It  is  insoluble  in  water  or  alcohol,  but 
ilissolves  in  HCl,  with  evolution  of  11.-??.  It  is  a  convenient 
medium  for  administration  of  P. 

BORATES. 

Orthoborates,  from  llaBO:*,  are  very  unstablo.  The  niota- 
borates,  from  HBOo,  are  more  stable,  but  of  no  practical  con- 
st^juence.  The  pyroborates  are  very  stable.  The  most  impor- 
tant pvroboratc  is  borax,  \aoB4O-.lOiroO,  whiili  is  obtained  as 
a  setliment  from  the  borax  lakes  of  P(M"sia,  Thibet,  California 
(Death  Lake),  and  Nevada  (Pyrami«l  Lake).  It  is  a  white, 
prismatic,  cr}'stalline,  ft^bly  alkaline  >nbstanee.  s«)luble  in  li> 
parts  of  water  and  less  than  2  of  irlyeerin ;  it  is  insoluble  in 
alcohol.  On  heating  sufficiently  borax  swells  uj»  an«l  lost^s  its 
wat«T  of  crystallization,  fusing  into  a  glass-like  body.  Borax 
In-ads  prepared  in  tbis  way  have  a  great  atlinity  I'nr  oxids,  form- 
ing double  borates,  and  with  the  blowpipe  give  clmraeteristie 
enlors  in  the  oxidizing  and  redueing  ilaiues  for  eeriiin  metals. 
This  avidity  of  borax  for  oxids  explains  its  us--  a<  a  eleansim: 
agent  in  the  proceSses  of  welding,  brazing  and  soldering,  and  as  a 
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flux  in  refining.  It  is  also  employed  as  a  preservative  and  in  the 
manufacture  of  certain  kinds  of  glass,  soap,  and  enamels. 
Glycerin  or  mineral  acids  liberate  H3BO3  from  borax. 

Na2B4O7.10H2O  +  2C3H5(HO)3  =  2C3H5BO3  +  21sraB02 

+  3H2O  +  IOH2O 

C3H5BO3  +  3H2O  =  H3BO3  +    C3H5(H0)3 

Sodium  perborate,  NaB03.4n20,  is  a  white  powder  which,  in 
contact  with  water,  liberates  70  times  its  own  volume  of 
nascent  0. 

Identification  of  Borates.— CaCl2,  rendered  slightly  alkaline  with 
NH4HO,  on  heating  gives  white  ppt,  soluble  in  HC2H3O2. 

On  rendering  solution  just  acid  with  HCl,  turmeric  paper  dipped 
in  it  turns  brownish  red  on  drying,  changing  to  green  on  moistening 
with  KHO. 

ARSENITES  AND  ARSENATES. 

These  are  very  poisonous  salts.  All  but  the  alkaline  are 
insoluble.  The  most  important  is  Kj\s02  (metarsenite),  of 
which  liquor  potassii  arsenitis  is  a  1-per-cent.  alkaline  (KHCO3) 
solution  flavored  with  compound  tincture  of  lavender.  Sodium 
arsenite  and  arsenate  are  used  for  cleansing  in  calico-printing. 
Scheele's  green,  CuHAsOs,  is  a  common  green  pigment.  Paris 
green,  well  known  as  a  pigment  and  insecticide,  has  the  formula 
Cu  (C2H3O2)  2,3Cu  ( ASO2)  2. 

Of  the  arsenates,  Na2HAs04.7H20  is  used  in  medicine, 
liquor  sodii  arsenatis  being  a  1-per-cent.  solution.  It  is  soluble 
in  4  parts  water  and  very  sparingly  in  alcohol.  It  is  used  in 
embalming  fluids.  On  fusing  arsenic  with  alkaline  carbonates 
pyro-arsenates,  analogous  to  pyrophosphates,  are  formed. 

Identification  of  Arsenltes. — ^Yellow  ppt.  with  AgNOg  or  with  H2S 
in  presence  of  HCl;    green  ppt.  with  CUSO4.    Usual  tests  for  As. 

Identification  of  Arsenates. — React  same  as  phosphates,  except 
that  arsenates  give  a  brick-red  ppt.,  instead  of  yellow,  with  AgNOa. 
Insoluble  arsenates  should  be  boiled  with  NaHO,  filtered,  and  the  futrate 
exactly  neutralized  with  dilute  HNO-  before  testing  with  AgNOa. 

ANTIK0NATE8. 

The  acid  pyro-antimonate  of  Na  (Na2H2Sb207.6H20)  is 
noteworthy  as  being  the  only  insoluble  compound  of  this  metal. 
Potassium  metantimonate  [2KSb03.5H20]  is  a  gummy  or 
crystalline  mass  prepared  by  deflagrating  Sb  and  KNO3,  boil- 
ing with  water,  and  allowing  to  evaporate. 

Identification  of  Antlmonates. — Strong  HCl  throws  down  white 
ppt.  of  HSbO.-t.  On  adding  KI  the  mixture  turns  brown,  changing  to 
blue  with  addition  of  starch  paste. 


STANNATES. 


CHBOKATES. 


The?e  salts  are  all  oharactorized  by  being  colored  yellow, 
red,  or  orange.  Chromatea  of  the  alkalies  are  soluble;  other 
chromat«9  generally  insoluble.    They  are  irritant  poiBons. 

K2CrO^  occurs  in  yellow,  rhombic,  weakly  alkaline  crystals, 
Eoloble  io  2  parts  water.  On  adding  acids  its  solutioDs  turn  red, 
owing  to  the  formation  of  the  diehromate,  KjCraOy.  This  salt 
is  soluble  in  10  water,  the  solution  being  acid.  It  is  an  oxidiz- 
ing agent  (with  HnS04)  used  extensively  in  dyeing  and  tanning 
and  in  photography.  It  is  the  source  of  the  other  Cr  com- 
poiuds^ 

Xa2Cr04  and  Na2Cr207  are  similar  to  the  K  salts,  but  are 
more  soluble.  PbCrOi  is  much  used  in  paints  under  tlie 
name  of  chrome-yellow.  Chrome-red  is  a  basic  lead  chromate, 
PbCrO(,Pb(HO)2-  BaCrOi  is  also  employed  as  a  pigment 
under  the  name  of  yellow  ultramarine.  The  soluble  chroniatcs 
precipitate  Ba,  but  not  Ca,  from  solutions. 

IdentUcation  of  CliTomatet.— PblCsHsO.,)^  or  BaCl,  ^rcs  a  vellow 
ppt.,  totuble  in  UNO;,,  but  not  in  HC2H3O21  KHO  darkens  (green)  and 
diuolvea  the  lead  salt. 

Treated  with  exi«ss  of  H^SO^  and  shaken  up  with  oeoniied  ether, 
a  briltinnt-blae  color  appears. 

Acid*  turn  (chromate  solutions  orange;    alkalies  turn  dichromates 

TdlOW. 

lUKQAKATZS. 

These  are  unstable  oxidizing  compounds,  only  the  alkali 
salts  dissolving  in  HjO,  forming  green  solutions.  K2Mn04  so- 
lution on  standing  (quickly  on  boiling  or  adding  an  acid) 
changes  to  permanganate,  its  color  at  the  same  time  passing  from 
dark  green  through  blue  and  violet  to  red. 

KMnO^  appears  in  dark-purple,  metallic,  lustrous  prisms, 
soluble  in  16  HnO.  It  is  a  powerful  oxidizing  agent,  deodorant, 
antiseptic,  and  disinfectant:  in  neutral  solutions  giving  off  3 
atoms  of  0 ;  in  acid  solutions  h  atoms  from  two  molecules.  The 
other  permanganates  are  similar  to  the  K  compound.  Asbestos- 
paper  should  be  used  in  filtering  solutions  of  manganates  or 

inganates. 

IcDtlflcatlon  of  Xansanatei. — Dilute  acids  change  to  pcrman- 

I  with  Ihe  gnmut  of  colors  above  mentioned. 

lentlflcation   of   PennaDKanatei. — Purple-red   BOtutions,   entirely 

■     1  by  U2C,04. 

K-CjO.  +  2MnCi04  -|-  3HjO  +  50 


STAiniATES. 

Stannic  and  melastannic  acids  dissolve  in  alkalies  to  form 
Mitfl  known  as  stannates  and  metastannntps.  The  most  impor- 
tant compound  is  sodium  stannate,  or  "preparing  salts,"  Nan- 
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Sn03.41l20,  used  largely  as  a  mordant  in  dyeing  and  calieo- 
l)rinting.  The  alkaline  metastannates,  R2H8Sn50i5,  are  also 
used  in  dyeing. 

Identification  of  Stannates. — HCl  ppts.  white  gelatinous  H2Sn03. 
(See  tests  for  tin.) 

ZINCATES  AND  ALTTMINATES. 

These  soluble  salts  are  formed  when  Zn  or  Al  is  dissolved 
in  an  alkaline  hvdrate.  Their  respective  radicals  are  (Zn02)" 
and  (AI0O4)". 

TTTNGSTATES. 

Sodium  tungstate,  Na2W04,  is  used  in  making  fire-proof 
fabrics. 

TELLTTBATES. 

The  tellurates  of  K  and  Na  are  employed  as  remedies  for 
profuse  sweating. 

SILICATES. 

The  vast  majority  of  soils  are  of  sedimentary  origin,  chiefly 
the  slightly  soluble  silicates.  The  silicates  in  granite  and  other 
primitive  rocks,  on  weathering  in  air  and  water,  break  up  into 
loose  soil  and  soluble  alkaline  carbonates  (necessary  to  plants)  by 
(lisplaeemont  of  their  silicic  acid  by  CO2  through  mass  action. 
Tlie  researclies  of  the  F.  S.  Bureau  of  Soils  (Whitney  and 
Cameron)  appear  to  show  that  there  is  no  obvious  relation  be- 
tween the  cliemic  composition  of  soil  and  the  yield  of  crops,  but 
that  the  chief  factor  determining  the  yield  is  the  physic  condition 
of  the  soil  under  suitable  climatic  conditions.  Soil  may  be  cwi- 
sidered  a  culture  medium  containing  a  nutrient  solution  (lime, 
potash,  sulphates,  phosphates,  nitnates),  the  solids  of  which 
range  from  0.5  to  2  parts  per  thousand.  The  amount  of  H2O 
initially  present  in  soils  varies  from  10  to  25  per  cent.,  and  a 
soil  normally  containing  20  per  cent.  II2O  will  hold  twice  as 
much  salts  in  solution  as  the  same  or  a  different  soil  having  but 
10  per  cent,  of  water. 

Although  forming  the  great  mass  of  the  earth^s  crust,  the 
silicates  are  not  mucli  employed  in  medicine.  Feldspars  are 
fusible  silicates  of  Al  and  K  or  Na.  These  rocks  break  down 
into  clays,  ordinarily  colored  with  Pe  (ocher),  mixed  w^ith 
CaCOa  (marl)  or  organic  dctntus  (loam).  Kaolin,  or  china  clay, 
is  the  purest  native  Al  silicate,  and  has  the  approximate  com- 
position Al4(Si04)3.4H20.  Topaz  is  fluoro-aluminum  silicate; 
turquoise,  Al4(P04)2(H0)6.3H20.  The  precious  green  stone 
bervl  is  a  silicate  of  Al  and  Be. 

The  best-known  artificial  silicate  is  Na2Si03,  or  soluble 
glass,  liquor  sodii  silicatis,  which  is  prepared  by  fusing  sand 
with  excess  of  Na2C03  and  running  the  melted  mass  into  water. 
It   is   used   for  surgical   bandages.    K2Si03   is   also   soluble. 


SILICATES. 
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Splints  of  water-glaae  can  be  removed  with  hot  water.  Fuller's 
earth  is  a  smooth  earth  useful  as  a  skin  dreEstng  for  infants. 
Glass  is  a  silicate  of  various  metals.  Common  glass  is  a 
silicate  of  Ca  (renders  glass  insoluble)  and  Na.  Bohemian,  Ger- 
man, or  hard,  glass  is  made  by  heating  together  in  proper  pro- 
portions lime.  Band,  and  K0CO3.  It  is  difficult  to  fuse,  and 
^H  reaieta  the  corrosive  action  of  chemicals;    hence  is  used  exteu- 

^K  sively  for  laboratory  utensils.     Crown  or  soft  French  window- 

^H  glass  is  a  Xa  and  Ca  silicate,  with  addition  of  a  little  Fe  nnd  Al. 

^H^  Bottle  glass  contains  more  Fc  and  Ca  and  less  K.     English,  flint, 

I 


I 


or  oystal  glass  is  a  silicate  of  K  and  Pb;  it  is  readily  fusible, 
Itutrous,  and  highly  refraclive  to  light,  on  which  account  it  is 
cboeen  for  making  cut  glassware,  lenses,  and  otlier  optic  apparatus. 
The  color  of  colored  glass  depends  on  a  small  quantity  of  some 
metallic  oxid:  Co  gives  dark-blue;  Mn,  amethYst;  ferrous, 
bottle-green:  fiTric,  brownish-yellow  or  blai'k;  Ag  or  Sb,  yellow; 
Or, greenish  yellow;  cuprous,  ruby ;  cupric, hhiish-preen.  Oiids 
of  iS  and  Sn  and  Ca-ilPO^^j  give  a  white  opacity  to  glass.  U 
glaa  is  bright-yellow  with  a  brilliant  green  fluorescence. 

Pure  water  dissolves  the  alkali  in  glass,  and  soon  shows  an 
klkaline  reaction,  with  deposit  of  silica.  Certain  fungi  attack 
gUsB  aad  cements.  Ordinury  glass  melts  at  700° ;  quartz  glass, 
'e  by  melting  quartz  in  the  electric  furnace,  requires  a  heat  of 
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over  3000°  to  melt  it.  Quartz  glass  expands  and  contracts 
hardly  at  all  (hence  luibreakable  by  heat  or  cold),  and  transmits 
freely  ultraviolet  rays  (ordinary  glnas  opaque).  The  paste  of 
artificial  diamonds  is  made  of  potash,  PbO  and  ground  quartz 
cryetals. 

Porcelain  is  made  from  a  paste  of  water  and  kaolin,  to 
which  some  silica  (silex)  is  added  to  prevent  cracking  on  dry- 
ing, and  alfio  feldspar  to  act  as  a  flux  and  vitrifying  cement.  The 
imglazed  fired  or  kiln-bumt  product  ia  then  dipped  into  a  thin 
cream  of  the  glaze  (same  as  body,  with  excess  of  feldspar  to 
render  very  fusible),  dried,  and  burned  again  at  a  white  heat. 
The  porcelain  is  colored,  if  desired,  with  metallic  oxids,  cobalt- 
blue,  cbrome-green,  etc. 

Dental  porcelain  for  artificial  t^eth  and  inlay  work  con- 
tains a  relatively  large  percentage  of  feldspar,  so  as  to  render 
it  more  translucent  and  life-like.  The  different  enamel  shades 
are  secured  by  the  use  of  purple  of  Cassius,  spongy  Ft,  oxid  of 
Ti  (rutilc-yeilow),  or  gold  and  CoO  (blue  point*=)  ;  for  dental 
uses  the  silex  and  feldspar  are  heated  to  white  heat,  plunged  into 
cold  water,  and  ground  fine.  Kaolin  is  purified  by  twice  washing, 
letting  settle,  and  decanting,  then  drying  in  the  sun. 

The  dry  method  of  preparing  enamel  has  three  steps :  1.  Pre- 
paring metallic  oxid  by  fusing  tin,  silver,  and  gold  with  borax; 
removing  borax  glass ;  dissolving  the  silver  in  HNO3;  washing 
and  drying  residue.  8.  Fritting,  or  uniting  this  powder  by  heat 
with  a  flux  of  quartz,  borax  glass,  .and  Na2C03.  3.  Diluting 
frit  with  sufficient  feldspar  to  secure  desired  shade. 

Stoneware  is  a  coarse  porcelain  made  from  claya  contain- 
ing FcjOg  and  a  little  CaO  to  render  somewhat  fusible.  Glazing 
may  be  accomplished  simp!y  by  throwing  into  the  furnace  NaCI, 
which  forms  a  fusible  silicate, of  Na  over  the  surface  of  the 
vessels.  The  finest  earthenware  is  prepared  from  white  clay 
mixed  with  considerable  SiOs  by  drying,  firing,  and  dipping  into 
a  readily  fusible  glaze  mixture,  which  often  contains  PbO;  then 
drying  and  refiring.  Colored  designs  are  printed  on  paper  with 
oil  and  enamel  pigment  and  then  tranafeired  to  the  ware  before 
glazing.  The  oxids  of  Pb  and  Sn  yield  a  whitish,  opaque  glaze, 
which  may  be  attacked  by  acids  and  lead  to  poisoning. 

Kaolin  contains  about  40  per  cent.  Ai20a  and  46  per  cent. 
SiOa;  the  fusible  clays  used  for  common  earthenware  are  two- 
thirds  SiO^  and  one-fourth  AUO3 ;  fire  clays  contain  a  large 
proportion  of  SiOa ;  brick-maker's  clay  is  about  one-half  SiOa 
and  one-third  AI2O3.  Clays  are  "acid"  or  "basic"  according  to 
the  relative  amount  of  SiOa  and  AUOg,  The  change  caused  by 
heating,  from  plastic  to  hard  and  porous,  is  due  to  expulsion 
of  the  combined  H2O.  True  or  colloid  clay  is  held  in  suspension 
in  water  indefinitely.  It  is  pptd.  by  acids,  NaCl  and  compounds 
of  Ca  and  Mg.  Ammonia  and  alkaline  carbonates  favor 
diffusion. 
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Ceinents,  or  hydraulic  mortars,  are  basic  silicates  of  lime 
and  alumina  made  b;  burning  calcareous  clays  or  cement-rock 
or  suitable  artificial  mixtures.  They  "set"  much  the  same  as 
planter  of  Paris:  by  taking  up  water  into  combination.  On 
mixing  cements  with  water,  CaCOg  and  compounds  of  Ca,  Al  and 
Si  are  formed. 

Common,  or  Homan,  cements  are  derived  from  clay  or  rock 
burnt  below  the  sintering  point.  Portland  cement  is  such  a 
mixture  of  limestone  and  clay  or  rock  as  will  yield,  on  burning 
till  sintered,  a  product  containing  55  to  60  per  cent,  of  CaO,  23 
to  25  per  cent,  of  SiOj,  and  7  per  cent,  of  AI2O3.  Concrete  con- 
sists of  hydraulic  cement  miied  with  gravel  and  crushed  pebbles. 

Ultramarine  is  a  blue  coloring  matter  consisting  of  sili- 
cates of  Na  and  Al  with  Na^S.  It  is  made  by  heating  to  red- 
ness in  fire-clay  cnicibles  a  mixture  of  kaolin,  charcoal,  and 
soiliuni  sulphate  or  carbonate.  Tlio  resulting  green  mass  is 
roasted  with  S  till  the  required  shade  of  blue  is  obtained.  The 
ctilor  is  destroyed  by  heating  with  HCI,  HgS  being  evolved. 
Wbta  dry  gaseous  HCI  and  air  are  parsed  over  common  ultra- 
marine at  lOO'-lSO",  its  color  is  changed  to  red  or  violet.  Ultra- 
marine has  taken  the  place  largely  of  smalt  (cobalt-blue)  and 
Prussian  blue,  as  in  wall-paper,  calico-printing  and  painting,  also, 
in  dentistry,  for  taking  ilnpresBions.  The  so-called  silicate  of 
gold,  used  in  ceramic  dentistry  to  give  a  yellow  tint  to  porcelain 
twth,  is  prepared  by  grinding,  fusing  and  regnnding  180  parts 
of  coaree  feldspar  witli  10  parts  of  gold  foil  and  8  parts  of  flux 
(4  quartz,  1  borax  glus,  1  potassium  carbonate). 

Asbestos,  or  amianth,  is  a  fibrous  silicate  of  Ca  and  Mg. 
It  ifi  infusible  and  a  poor  conductor  of  heat.  It  is  used  for 
household  utensils,  as  a  fireproof  lining  material  in  buildings, 
and  as  a  non-conducting  packing  for  steam-apparatus  and 
boilers ;  also,  in  dentistry,  for  taking  impressions. 

Ideatlfleatlon  o(  SiUoatei.— On  adding  HCI  or  NH^CI  to  a  soluble 
■ilWte.  nearly  ttanapnrent  gelntioous  1148104  is  preripitated.  On  drying 
•ad  Imtjng  to  1,50°  and  dinsolving  aw,i;  chlorids  with  dilute  TICl.  SiOj 
I*  Un  as  a  gritty,  white  powder.  Iii»o'luble  silicates  sib  first  rendered 
■oInUe  bj  fusing  with  fi  pBrts  of  mixed  K  and  Na  carbonates. 

A  bead  ol  microwismic  salt   (NaNH^HPO^)   touched  with  the  pow- 
•iiioA  or  silicate  becnniFa  npnque  and  showR  within  a  lloaljog  masa 
eallej  Uie  "silica  skrleton." 


OBaAHIC  ACID  SALTS. 


General    Character*. — Generally   soluble,    except   oxalates; 

ly  have  characteristic  odors,  especially  on  heating  or  treat- 

itli  luincra!  acids;    char  when  heated  on  Pt  (except  for- 

;     oxalates   turn    a   little    gray)    and    leave    residue    of 

caritonato   or   oxid;    changed   mostly   to   carbonates   in   blood, 

rendering  this  more  alkaline  and  urine  less  acid.     Citrates  and 
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acetates  have  the  advantage  over  carbonates  of  not  neutralizing 
the  gastric  juice. 

OXALATES. 

These  salts  have  an  intensely  sour  taste.  The  alkaline 
oxalates  are  the  only  soluble  ones  (BaC204  slightly  soluble), 
tlie  NIT4  salt  being  used  as  a  reagent  for  Ca  solutions.  Ceo- 
(^2^4).i-9H20  is  a  white,  granular,  tasteless  powder,  insoluble 
except  in  mineral  acids.  At  red  heat  it  leaves  a  yellow  or 
salmon  mixture  of  oxids.  CaC204  is  often  found  in  urinary  sedi- 
ments and  may  give  rise  to  concretions.  KoFe( €204)2  is  a 
strong  reducer,  and  is  ustnl  as  a  developing  solution  in  photog- 
raphy. KHC2O4,  like  the  acid,  is  very  poisonous.  It  is  used 
somewhat  to  bleach  straw  and  remove  ink-stains. 

Identification  of  Oxalates. — CaCIo  in  neutral  or  alkaline  solution 
gives  white  ppt.  of  GaC204,  insoluble  in  acetic,  but  soluble  in  hydro- 
chloric, acid. 

Dry  insoluble  oxalates  heated  in  a  test  tube  evolve  inflammable 
CO  and  leave  a  carl)Onate  (effervesces  with  acids). 


ACETATES.. 

These  are  made  by  neutralizing  carbonates  or  hydrates 
with  HCoII,'j02.  Neutral  acetates  are  all  soluble  freely  in  water 
and  less  so  in  alcohol ;  basic  acetates  are  insoluble  unless  a 
little  HCoH^Oo  is  added  to  form  a  neutral  acetate.  Official  are 
the  acetates  of  K,  Na,  Zn,  and  Pb ;  also  in  the  liquors  of  NH4, 
Fe  and  Nir4  (red),  and  lead  subacetate,  Pb(C2H302)2-PbO. 
This  last  is  an  effective  sedative  astringent.  The  others  have 
generally  a  diuretic,  refrigerant,  and  alkaline  action.  The  salts 
of  univalent  metals  cause  direct  stimulation  of  the  renal  cells. 
They  are  furtlior  diuretic  by  accumulating  fluid  in  the  blood 
(capillary. engorgement)  at  the  expense  of  the  tissues.  K  salts 
are  more  diuretic  than  those  of  Na,  since  the  former  react  with 
other  salts,  producing  an  excess  in  the  blood  of  certain  salines, 
which  arc  quickly  excreted  ])y  the  kidneys. 

Lead-water,  liquor  plumbi  subacetiitis  dil.,  is  a  soothing 
lotion  made  with  40  gm.  liquor  plumbi  subac.  in  a  liter  of  dis- 
tilled water.  Both  these  absorb  CO2  on  exposure  and  become 
milky.  A^CoTToOo).')  and  Fe2(C2H302)4  are  used  as  mordants 
in  dyeing  under  the  names  "red  liquor'^  and  "iron  liquor.*'  The 
former  is  also  employed  as  a  disinfectant  and  deodorant.  The 
basic  acetate  and  aceto-arsenite  of  Cu  are  common  green 
pigments. 


Identification  of  Acetates. — Odor  of  HC2H3O2  when  heated  with 
H0SO4;    a])plo-liko  odor  of  acetic  ether  on  adding  alcohol. 

Deo  J)  red  color  I  Fo(  0211^02)31  with  neutral  FeCIs;  color  dis- 
charged both  by  llCl  and  HgCi2. 
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VALESATES. 

These  vield  the  characteristic  odor  of  valerian  when  warmed 
or  moistened.  The  official  salts  are  tha^^e  of  NH4  and  Zn.  They 
are  soluble  in  water  and  in  alcohol. 

Identifleation  of  Valerates.  —  Odor  of  valerian  on  heating  with 
H2SO4;  distillate  with  011(0211300)2  solution  forms,  in  time,  oily  ppt., 
which  gradually  solidifies  into  greenish-blue,  crystalline  solid. 

TARTRATES. 

These  are  important  medicinal  salts.  Soluble  tartrates 
prevent  precipitation  of  ferric  and  other  hydroxids  by  alkalies, 
foniiing  soluble  salts.  KHC4H4O6  appears  in  somewhat  gritty, 
white,  rhombic  cn^stals,  with  acid  reaction  and  pleasant  taste. 
It  is  sparingly  soluble  in  water  and  insoluble  in  alcohol.  Be- 
cause of  this  fact,  it  is  thrown  out  of  solution  as  a  croaiiiv  dc- 
posit  (cream  of  tartar)  of  argols  during  alcoholic  fermentation 
in  wine-casks.  It  is  used  largely  as  the  acid  ingredient  of  good 
baking-powders.  K2C4H4O6  is  a  very  soluble,  saline  purgative. 
KXaC4H406.4HoO  forms  large,  colorless,  slightly  bitter,  rhom- 
bic prisms,  with  a  cooling,  saline  taste.  It  dissolves  in  1.4  lioO, 
and  is  a  useful  mild  hydragogue. 

Tartar  emetic,  2KSbOC4n406.U20,  is  a  white,  crystalline 
substance,  with  sweetish,  disagreeable  taste,  quite  soluble  in 
water,  and  slightly  in  alcohol.  It  is  a  depressing  emetic,  and 
is  used  as  a  mordant  in  dyeing.  Compound  syrup  of  scjuills 
contains  %  grain  of  this  salt  to  the  ounce,  and  a  sohition  in 
alcohol  and  white  wine  forms  official  vinum  antimonii.  Tar- 
trate of  Fe  and  NH4  and  of  Fe  and  K  arc  non-constipating, 
snluhlr,  garnet-red  scale  compounds,  formed  by  dissolving 
Fe(H0)3  in  the  acid  tartrate  of  NH4  or  K.  Scidlitz,  or  com- 
pound effervescing,  powder  consists  of  120  grains  of  KodieUe 
salt  (KXaC4H406.4HoO)  with  40  grains  NallCO^j  wrapped  in 
the  blue  paper,  and  35  grains  H0C4H4O0  wrapped  in  wliite 
paper. 

IdentiHeation  of  Tartrates.— Neutral  solutions  (free  from  more 
than  a  trace  of  NH4  salts)  give  with  CaCU  a  white  ppt,  which  after 
washing  dissolves  readily  in  cold  KIIO,  and  is  ngiiin  pptd.  on  boiling. 

Ca(HO)2  in  excess  causes  ppt.  in  the  cold,  soluble  in  Nn4Cl  when 
fresh  and  tlocculent. 

AgXOs  gives  white  ppt.,  turning  black  on  boiling. 

Char  rapidly  on  heating  to  dull  redness,  and  give  distiiut  odor 
of  burning  grapes. 

KMDO4  solution  is  decolorized. 

CITRATES. 

Tliesc  salts  are  prepared  by  dissj^lvinir  liydroxids  or  car- 
honatt»s  in  H.^CflllriOx.  All  have  a  coolinir  tas^te  and  aro  soluble 
except  BiCcHsOj  (soluble  in  NH4IIO).    White,  crvstallino  salts 
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include  K3C0II5O7.H2O,  LiaCeHsOy,  and  BiCeHsOT.  The  cit- 
rates  of  Fe,  Fe  and  NH4,  Fe  and  quinin,  Fe  and  strychnin,  and 
of  Bi  and  NH4  are  scale  preparations.  Mg3(C6H507)2  is  official 
in  the  liquor  magnesii  citratis.  This  last  is  made  by  dissolving 
Mg  carbonate  in  a  slight  excess  of  citric-acid  solution,  adding 
syrup  of  lemon,  placing  the  diluted  liquid  in  a  strong,  round 
bottle;  dropping  in  crystals  of  KHCO3;  then  corking,  wiring, 
and  sliaking  till  crystals  are  dissolved.  It  is  a  mild  and  pleasant 
laxative.  Elixirs  of  Bi  contain  Bi  and  NH4  citrate.  In  nature 
citrates  occur  in  stone  fruits  and  currants. 

Identiflcation  of  Citrates. — No  ppt.  in  the  oold  with  CaCl2  and 
slight  excess  of  NU4OU,  but  on  boiling  white  Ca3(CeU507)2  is  thrown 
down.  When  ppt.  filtered  hot  and  washed  with  a  little  boiling  water, 
it  is  quite  insoluble  in  cold  KUO,  but  readily  soluble  in  neutral  solution 
of  CUCI2  or  NH4CI2. 

With  KMn04  they  yield  a  green  or  reddish-green  color. 

Ca  (U0)2  in  excess  does  not  cause  ppt.  till  mixture  is  boiled. 

AgNO^  produces  white  ppt.,  but  no  metallic  mirror  on  boiling. 

Dry  citrates  char  slowly  on  heating,  giving  an  acrid  odor. 

LACTATES. 

All  are  soluble  to  some  extent  in  water  and  insoluble  in 
ether.  Formerly  official  were  Fe(C3H503)2.3H20  and  Sr- 
(0311503)2.31120.  The  former  appears  in  sweetish,  light- 
green  needles  or  crusts,  and  is  slowly  soluble  in  H2O ;  the  latter 
is  a  white,  slightly  bitter,  granular  or  crystalline  powder,  sol- 
uble both  in  water  and  in  alcohol. 

Identiflcation  of  Lactates. — AgNOs  when  boiled  gives  a  dark  ppt., 
which  leaves  a  blue  liquid  on  subsiding. 

Strong  solutions  of  alkaline  lactate  boiled  with  HgNOs  ppts.  pink 
or  crimson  HgCaHgOs. 

TANNATES  Aim  GALLATES. 

The  salts  of  tannic  acid  are  bitter,  amorphous,  and  gen- 
erally insoluble.  They  are  the  essential  ingredients  in  nearly 
all  vegetable  bitters  and  astringents  (exceptions  are  columbo, 
buchu,  gentian,  quassia,  and  chiretta).  Ferrous  tannate  is  the 
basis  of  most  black  writing-ink. 

Identiflcation. — FeCl3  in  neutral  solutions  gives  a  blue-black  ppt. 
decolorized  by  H2C2O4. 

OLEATSS. 

KC 181X3302  and  NaCi8H3302  are  the  only  oleates  soluble 
in  water.  Acid  oleates  are  all  liquid,  and  soluble  in  oils,  fats, 
ether,  and  cold  absolute  alcohol.  The  oleates  of  Hg"  and  other 
heavy  metals  (usual  strength  25  per  cent.)  are  used  in  ointments 
wlicre  penetrating  power  is  desired.  They  are  made  by  dissolv- 
ing the  oxid  in  oleic  acid.  They  do  not  stain  linen  or  become 
rancid,  and  seem  to  exert  considerable  antiseptic  action.    Oleates 
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of  aconitin^  veratrin,  morphin,  cocain^  quinin  (25  per  cent.)  and 
other  alkaloids  are  formed  by  simple  solution  in  oleic  acid. 
Pb(Ci8H3302)2,  or  lead  or  diachylon  plaster,  is  a  white,  viscid 
mass,  soluble  in  ether,  and  is  the  basis  of  the  seven  official 
plasters. 

IdentiileatioiL  of  Oleates. — ^They  do  not  separate  from  ether  or 
alcohol  when  a  hot  solution  is  cooled.  Pb(Ci8H3302)2  is  pptd.  by 
Pb(  0011302)2,  and  is  almost  entirely  soluble  in  ether. 

STEABATES. 

Alkaline  stearates  are  alone  soluble  in  water.  KC18H35O2 
is  soft  soap ;  NaCi8H3502,  hard  soap. 

IdentmeatioiL  of  Stearates. — HCl  and  heat  separate  free  stearic 
acid,  which  floats  as  an  oily  liquid,  and  solidifies  to  a  white  mass  on 
cooling.    Pb(  013113502)2  is  insoluble  in  ether. 

70&MATES. 

These  are  all  easily  soluble  in  HoO  [except  Pb(CH02)2  a^d 
Hg(CH0)2],  and  are  strong  reducing  agents.  They  are  of  no 
medical  interest. 

Identiilcation  of  Formates. — They  decompose,  without  charring, 
at  a  red  heat. 

Heated  with  H2SO4  they  evolve  CO,  which  burns  with  a  pale-blue 
flame. 

SUCCINATES. 

These  unimportant  salts  are  neutral  (R2C4H4O4)  or  acid 
(RHC4H4O4).  Alkaline  succinates  are  soluble;  others  diffi- 
cultly or  not  at  all.  Succinates  are  distinguished  by  giving  a 
bulky,  brownish-red  ppt.  with  neutral  FeCla;  also  with  BaCU 
no  ppt.  at  first,  but  a  white  one  on  addition  of  ammonia  and 
alcohol  (distinction  from  benzoates). 

xalates. 

K0C4H4O5  occurs  with  the  free  acid  in  apples,  pineapples, 
currants,  and  all  kernel  fruits.  The  malates  are  freely  soluble. 
They  are  recognized  by  adding  CaClo,  which  gives  no  reaction 
until  boiling  or  addition  of  alcohol,  when  a  white  ppt.  is  thrown 
down. 

BENZOATES. 

These  are  colorless,  crystalline,  soluble  salts  with  a  slight 
odor  of  benzoin.  They  are  chiefly  used  as  urinary  antiseptics, 
being  particularly  indicated  when  this  fluid  is  amnion iacal, 
Fince  the  benzoates  are  eliminated  by  this  route  as  hippuric 
acid.  Used  in  medicine  are  the  benzoates  of  Xir4,  Li,  Na,  Bi, 
and  Hg.  They  are  prepared  by  neutralizing  benzoic  acid  with 
the  desired  hydrate  or  carbonate. 
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Identification  of  Benzoates. — FeCls  in  solution,  rendered  slightly 
alkaline  with  NU4ilO,  gives  fiesh-colored  or  light-red  ppt.,  soluble  in 
benzoic  and  other  acids. 


SALICYLATES. 

These  are  important,  white,  mostly  solid,  deliquescent, 
medicinal  compounds  with  sweetish,  alkaline,  nauseating  taste, 
made  by  dissolving  alkaline  hydroxide  in  salicylic  acid.  Their 
specific  curative  effect  in  rheumatism  is  due  in  part  to  their 
alkaline  constitution  raising  the  alkalinity  of  the  blood,  and  in 
part  probably  to  a  destructive  action  on  the  imknown  rheumatic 
germs.  The  best-known  salts  are  NaC7H503,  soluble  in  1.5 
water  and  in  6  alcohol;  Sr(C7H503)2  and  LiCjHsOa,  also  very 
soluble.  The  disagreeable  taste  can  be  disguised  to  some  degree 
by  giving  the  salt  in  some  aromatic  water:  cinnamon  or  pepper- 
mint, for  example.  61(0711503)3  is  a  white,  odorless,  tasteless, 
insoluble  powder,  used  as  an  internal  and  intestinal  antiseptic 
and  astringent. 

Identification  of  Salicylates. — FeCls  gives  a  reddish-violet  color, 
even  in  very  dilute  solutions. 

Methyl  salicylate,  formed  by  warming  a  salicylate  with  alcohol  and 
one-fourth  the  volume  of  li2^^4>  is  recognized  by  the  odor  of  winter- 
green. 

Br  water  gives  a  crystalline  ppt.  with  salicylates. 


CARBOLATES,  OR  PHENATES. 

Oarbolic  acid  unites  with  bases  to  form  soluble  antiseptic 
carbolatcs,  whicli  are  capable  of  dissolving  large  quantities  of 
phenol.  NaOcHsO  appears  in  fusible,  pinkish  needles,  and  is 
used  in  dentistry  as  an  astringent,  styptic,  and  disinfectant. 
Phenol-mercury  [ng(06H50)2j  is  a  yellow,  crystalline  sub- 
stance made  by  the  reaction  between  an  alcoholic  solution  of 
NaOcHgO  and  of  HgOlg. 

Identification  of  Carbolates. — FeCls  causes  a  reddish-violet  color. 
Odor  of  carbolic  acid  is  evolved  on  heating  alone  or  with  H2SO4. 


SULPHOCARBOLATES,  OR  PEENOLSULPHOHATES. 

When  carbolic  acid  is  dissolved  in  H2SO4,  sulphocarbolic 
acid,  O0H4OHSO3II,  is  formed,  and  this  on  dilution  and  mix- 
ture with  oxids,  hydrates,  or  carbonates  yields  colorless  soluble 
sulphocarbolates.  Na06HnS04.2H20  and  Zn(CeH5S04)2.HoO 
are  both  valuable  intestinal  antiseptics,  the  latter  salt  being  also 
astringent. 

Identification  of  Sulphocarbolates. — Similar  reactions  aa  carbo- 
lates, but  also  give  reaction  of  sulphates  with  BaClJ  after  fusing  with 
K^Os  and  redissolving  residue  in  dilute  HCl. 
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XECOHATES. 


The  opium  alkaloids  occur,  for  the  most  part,  as  meconates 
(R2C7H2O7.3H2O).  Normal  alkaline  salts  are  soluble  in  water; 
the  acid  salts  very  slightly.  Meconates  of  the  heavy  metals 
are  soluble  in  HC2H3O2.  Meconates  are  recognized  by  striking 
with  FeCla  a  red  color,  not  cleared  up  by  HgClo  or  dilute  HCl. 

PLXnCBITES. 

CaPb02  is  a  soluble  crystalline  compound  formed  by  re- 
action between  PbO  and  Ca(H0)2,  and  is  used  as  a  hair  dye. 

CYANO-SAITS. 

General  Characteristics. — Generally  poisonous,  mostly  col- 
orless, prismatic;  odor  of  IICN  or  bitter  almonds  on  wetting 
or  heating  with  acids;  sharp,  slightly  bitter,  alkaline  taste; 
alkaline  and  alkaline  earthy  salts  and  Hg(CN)2  soluble  in  H2O, 
and  sparingly  or  not  at  ail  in  alcohol  (except  cyanatos).  The 
soluble  cyanids  dissolve  insoluble  ones,  forming  double  salts. 

CTAHIDS. 

KCN  is  a  deliquescent  compound,  soluble  in  2H2O,  used 
for  reduction  of  metallic  oxids,  and  especially  as  a  solvent  of 
Ag  salts  in  photography  and  of  Au  and  A<r  in  electroplating: 
and  in  the  extraction  of  Au  from  its  ores.  KCN  is  decomposed 
by  the  CO2  of  the  air,  liberating  HON.  AgCN  and  Hg(CN)2 
are  white  powders,  turning  dark  on  exposure  to  light.  The 
isocyanids,  isonitrils,  or  carbylamins  are  non-toxic  liquid  hy- 
drocarbon derivatives  with  an  extremely  offensive  odor. 

Barium  platinocyanid,  BaPt(CN)4.4Il20,  appears  in  irides- 
cent (greenish-violet)  light-yellow  cr}'stals.  It  is  used  on 
fluorescent  screens  for  making  ultraviolet  rays  (x  and  radium) 
visible. 

Identifleatlon  of  CyanidB. — AgNOs  in  excess  gives  a  curdy.  whit« 
ppt.,  soluble  in  NH4HO  and  in  strong  boiling,  but  not  dilute,  HNO3; 
ppt.  turns  brown  on  exposure  to  light. 

CaS04,  added  drop  by  drop,  gives  a  rose-pink  coloration. 

Insoluble  cyanids  yield  (CN)2,  smelling  like  poach -kernels,  when 
heated  in  dry  matrass;  draw  out  open  end  into  jet  and  liffht  •ras,  which 
Khows  a  purple-red  flame.  The  name  cyanogen  moans  "gonorating  blue." 
\rhv?  CX  was  the  first  compound  radical  discovered — hv  Gav-Lussac, 
in  iSU. 

CYAHATES,  OR  ISOCYANATES. 

KCNO*  appears  in  white  scales,  and  is  employed  in  the 
preparation  of  organic  compounds.  NI[4CN0  is  a  white,  crys- 
talline mass^  which  changes  to  its  isomer  urea  on  bontin^z. 

Identlfleatlon  of  Cyanates. — On  moistening  they  yield  tlie  corre- 
sponding bicarbonate  and  ammonia. 

On  eraporating  with  an  NH4  salt,  they  form  urea. 
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STTLPHOCYANATES,  OR  THIOCYAHATES. 

KCNS,  NaCNS,  and  NH4CNS  give  a  blood-red  color  with 
ferric  compounds,  and  are  used  to  distinguish  ferric  from  fer- 
rous salts.  Hg(CNS)  2  is  a  white,  insoluble  powder,  which  swells 
up  greatly  on  decomposing  by  heating,  and  is  used  in  the  cone- 
shaped  toys  called  "Pharaoh's  serpents.'^ 

Identification.— On  heating  with  H2SO4,  HON  is  evolved,  with 
characteristic  odor,  and  S  is  deposited.  Also  the  ferric  test  mentioned 
above.  The  KSCN  test  for  ferric  salts  is  made  more  delicate  by  using 
a  cone,  solution  of  this  salt  and  shaking  with  ether  to  separate 
Fe(SCN)3. 

FERROCYAKIDS. 

K4Fe(CN)6.3H20  is  manufactured  on  a  large  scale  by 
fusing  horns,  hoofs,  leather,  etc.,  with  potash  and  adding  iron. 
It  appears  in  yellow  crystals,  used  in  dyeing  and  in  making 
KCN,  HON,  and  the  pi^ent  Prussian  blue,  Fe4(PeCeN6)3. 
Blue  ink  consists  of  Prussian  blue  dissolved  in  oxalic  acid. 

Identification  of  Ferrocyanids. — ^Any  ferrous  salt  gives  a  white 
ppt.,  quickly  changing  blue ;  any  ferric  salt  a  dark-blue  ppt.  of  Prussian 
blue,  insoluble  in  HCl,  turned  reddish-brown  by  KHO,  the  blue  color 
being  restored  by  adding  HCl. 

Pb,  Zn,  Ag,  and  Ilg  solutions  give  white  ppts.;  cupric  salts  a 
reddish-brown  ppt.,  insoluble  in  acids,  but  soluble  in  NH4HO. 


FERRICYAIUDS. 

These  salts  are  produced  by  oxidation  of  solutions  of  the 
ferrocyanids  with  CI.  The  0  is  given  off  in  the  presence  of  free 
alkali,  red  prussiate  of  potash  [K3Fe(CN)e],  changing  back 
to  yellow  prussiate,  or  ferrocyanid.  The  ferrocyanids  and 
ferricyanids  do  not  dissociate  Fe  in  the  body. 

Identification  of  Ferricyanids. — ^Any  ferrous  salt  ppts.  dark  Turn- 
bull's  blue  [Fe3Fe(CN)6l>  insoluble  in  acids,  decomposing  with  boiling 
KHO  into  KgFeCeNe  and  dirty  green  Fe(H0)2. 

Any  ferric  salt  gives  a  brownish  coloration,  and  throws  down 
Turnbull's  or  Prussian  blue  on  adding  reducing  agents  (H2SO3  or 
SnCl2).  Load  and  mercuric  salts  give  no  ppt.;  stannous  salts,  white 
ppt.;  mercurous  solutions,  broiivnish  red;   AgNOs,  orange. 


NITROPRXTSSIDS. 

These  salts  are  formed  by  the  action  of  HNOg  on  ferro- 
cyanids, NO  replacing  a  CN.  The  only  one  of  practical  in- 
terest is  sodium  nitroprussid  [Na2Pe(CN)5N0.2H20],  which 
appears  in  red  prisms  and  is  used  as  a  reagent. 
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Xetals. 

1.  Name  the  alkali  metals  and  the  metals  of  the  alkaline  earths. 

2.  Which  is  the  more  potent,  KBr  or  NaBr,  and  why  ? 

3.  If  a  cubic  inch  of  Fe  and  a  cubic  inch  of  Sn  were  both  heated 
to  the  same  temperature  and  placed  on  a  cake  of  paraffin,  which  would 
melt  the  wax  first? 

4.  What  metals  decompose  H2O,  and  why? 

6.  Write  equation  for  decomposition  of  H2O  with  red-hot  Fe. 

6.  Wliat  two  metals  rank  first  as  conductors  of  heat  and  elec- 
tricity ? 

7.  Why  do  silver  spoons  tarnish? 

8.  How  can  one  separate  Hg  from  other  metals? 

9.  At  what  temperature  does  Hg  distill  ? 

10.  What  objection  to  sterilizing  Al  instruments  by  boiling  with 
a  soda  solution? 

11.  Why  is  the  solution  blue  when  a  silver  coin  is  dissolved  in 

HNOs? 

12.  Why  should  H2O2  be  measured  in  a  glass  graduate? 

13.  Reasoning  from  the  dose  of  liquid  preparations  of  As,  what 
should  be  the  dose  of  solid  preparations? 

14.  When  a  child  is  given  full  doses  of  a  Bi  compound,  what  should 
one  say  to  the  mother  about  the  stools? 

15.  What  is  the  m.p.  of  Pb,  of  Sn,  and  of  soft  solder? 

16.  How  does  aqua  regia  dissolve  Au  and  Pt? 

17.  How  distinguish  "mystery  gold"  from  true  gold? 

18.  What  carat  is  United  States  gold  coin? 

19.  What  is  iron-rust? 

20.  What  is  the  theoretic  m.p.  of  Wood's  fusible  metal? 

21.  Is  an  alloy  of  Au  and  Ag  accompanied  by  expansion  or  con- 
traction f 

22.  Wliat  is  the  weight  of  a  cubic  foot  of  Au? 

23.  Name  five  natural  compounds  of  Al. 

24.  Why  did  the  bronze  precede  the  iron  age? 

25.  What  are  the  chief  uses  of  Pt? 

26.  Compare  Al  and  Sn  for  domestic  purposes. 

27.  What  is  the  sp.  gr.  of  Al,  Cu,  Fe,  Ag,  and  Au? 

28.  Explain  the  chemic  principle  of  "sympathetic  inks." 

29.  How  does  Hg  produce  medicinal  effects? 

30.  Why  are  Ag  salts  used  in  photography? 

31.  Why  does  Cu  turn  green  in  moist  air? 

32.  How  may  taking  S  internally  tarnish  a  silver  dollar  in  the 
pocket? 

33.  To  what  is  the  color  of  common  rocks  due  ? 

34.  WTiat  are  "blacksmith's  scales"? 

35.  How  do  so  many  ores  occur  as  sulphids? 

36.  Why  are  Fe  salts  often  saccharated? 

37.  Why  are  alloys  generally  preferable  to  single  metals? 

38.  Why  are  sand  and  lime  used  in  the  roasting  and  extraction  of 
metals. 

39.  What  are  the  chemic  differences  between  wrought  Fe,  cast  Fe, 
and  steel  ? 

40.  Why  is  Sb  used  in  type-metal  ? 

41.  Why  are  Fe  retorts  used  in  separating  ITj;  from  other  metals? 

42.  Why  do  dental  fillings  discolor  in  the  mouth? 

43.  Why  is  Fe  administered  in  blood  diseases? 

44.  Why  are  the  alkali  metals  kept  in  benzene? 

45.  Determine  the  carat  of  an  alloy  containing  S  parts  Au,  2  parts 
Ag,  and  2  parts  Cu. 
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46.  How  much  pure  gold  must  be  added  to  10  gm.  of  18-carat  gold 
to  raise  it  to  22 -carat? 

47.  How  could  you  reduce  10  gm.  of  pure  gold  to  14-carat? 

48.  Why  does  a  weak   KCN   solution  dissolve  Au  better  than   a 
strong  solution?     (The  weak  solution  absorbs  more  air.) 


Xetallolds. 

1.  What  is  the  most  abundant  element  in  Nature? 

2.  What  is  the  valence,  atomic  weight,  and  density  of  H? 

3.  What  are  the  chief  uses  of  O  in  Nature? 

4.  Give  the  derivation  of  five  elements  named  after  some  physic 
property  ? 

6.  How  could  you  prove  the  presence  of  H  in  any  compound? 

6.  What  simple  gas  can  be  collected  by  upward  displacement,  and 
which  by  downward  displacement? 

7.  How  detect  decomposition  of  CI  water  into  HCl? 

8.  What  element  is  noted  for  its  unstable  compounds? 

9.  Describe   the   chief   chemic   interrelation   between   plants   and 
animals. 

10.  To  what  is  the  luminosity  of  P  in  H2O  due? 

11.  What  is  the  principal  source  of  P  and  its  compounds? 

12.  Sound  travels  four  times  as  fast  in  H  as  in  O.    Why? 

13.  How  does  CI  destroy  the  odor  of  sewer-gas. 

14.  State  the  density  and  molecular  weight  of  ozone. 

15.  Name  six  chief  components  of  the  atmosphere. 
10.  How  is  air  liquefied? 

17.  What  difference  between  atmospheric  air  and  that  absorbed  by 
H2O? 

18.  What  danger  of  lead  poisoning  is  there  from  chewing  lead- 
pencils? 

19.  Describe  three  allotropic  forms  of  C. 

20.  \Miy  is  it  harder  to  light  a  fire  of  coke  or  hard  coal  than  one 
of  soft  coal? 

21.  Write  equation  for  formation  of  S  in  Nature. 

22.  For  what  two  poisonous  metals  has  H  a  great  affinity? 

23.  Name  the  halogens. 

24.  What  is  the  chief  source  of  Br? 

25.  Why  are  C  and  Zn  used  in  batteries? 

26.  How  many  times  as  much  H  is  liberated  by  1  gm.  Mg  as  by 
1  Gm.  Zn? 

27.  What  is  vulcanized  rubber? 

28.  Why  is  a  partly  burned  match  black? 

29.  Why  is  a  good  draught  needed  for  a  good  fire? 

30.  How  does  charcoal  deodorize? 

31.  Why  does  a  lamp-chimney  smoke  when  the  wick  is  turned  low 
or  too  high? 

32.  How  does  CI  bleach? 

33.  Why  does  H  prepared  from  commercial  Zn  always  have  an 
odor? 

Ozlds. 

1.  What  fractional  part  of  IIoO  are  0  and  H,  by  weight  and  by 
volume? 
^  2.  Why  does  boiled  HoO  taste  flat? 

3.  WHiy  is  rain-water  purer  than  that  from  ponds  or  rivers? 

4.  What  are  anhydrids? 

5.  Distinguish  between  deliquescent  and  efflorescent  substances. 
0.  How  does  boiling  soften  water? 

«.       7.  How  does  washing-soda  soften  water? 
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8.  To  what  19  the  color  of  most  crystals  dueT 

9.  Why  is  natural  water  never  pure? 

10.  How  can  one  make  fire  from  water? 

11.  How  can  one  prove  that  water  is  a  product  of  fire? 

12.  What  are  the  chief  uses  of  Ba02  ? 

13.  What  advantage  in  using  H3PO4  or  H2SO4  rather  than  IlCl  in 
preparing  HoOof 

14.  Write  equation  representing  some  chemic  reaction  into  which 
HjO  enters. 

15.  Why  are  halogen  oxids  very  unstable? 

16.  What  is  the  valence  of  I  in  its  oxid? 

17.  Why  is  SO2  always  present  in  city  air? 

18.  How  does  S,  thrown  on  the  fire  in  a  stove  or  grate,  extinguish 
the  fire  in  a  burning  flue? 

19.  Is  CO  heavier  or  lighter  than  air? 

20.  What  percentage  of  weight  is  lost  in  converting  magnesium 
carbonate  into  the  oxid? 

21.  How  may  we  render  a  Mg  solution  alkaline  without  precipita- 
tion? 

22.  How  does  calcining  ZnO  for  dental  cements  get  rid  of  con- 
taminating As? 

23.  \Vhat  is  the  chemic  composition  of  the  black  scales  on  heated 
Co? 

24.  What  color  does  red  lead  turn  on  heating,  and  why? 

25.  C>n  what  does  the  cauternnt  action  of  CtO^  depend? 

26.  What  makes  the  stalks  of  grain  stiff? 

27.  Wliat  is  a  grain  of  sand,  cliemicallv  speaking? 

28.  What  is  "petrified  wood"? 

29.  Write  equation  for  preparation  of  laughing-gas. 

30.  How  does  lime  slake? 

31.  Whv  does  "soda-water"  effervesce? 

32.  How  does  SOo  decolorize  objects? 

33.  What  is  the  chemic  fire-extinguisher? 

34.  Explain  how  a  bottle  filled  with  quicklime  and  loosely  stop- 
pered will  break  spontaneously. 

35.  Explain  the  scaly  crust  formed  on  the  bottom  of  a  tea  kettle 
or  a  boiler. 

36.  What  salt  is  decomposed  by  atmospheric  COo? 

37.  How  much  water-vapor  will  be   formed  by  the  union  of  200 
c.c.  H  and  100  c.c.  O? 

38.  What  poisonous  oxid  may  be  present  in  anilin  dyo^? 

Acids. 

1.  Mention  the  general  charaeterirstics  of  hyilro-aci(N. 

2.  What  causes  the  white  film  on  the  inside  of  a  bottle  of  IICl  ? 

3.  Write  equation  for  reaction  producing  the  white  cloud  wlien 
the  open  mouths  of  a  bottle  of  IlCl  and  of  NIIiIIO  are  brought  near 
together. 

4.  In  what  part  of  the  human  body  does  free  II (''1  occur? 

5.  How  make  official  dilute  ilV\  from  the  strong  acid? 

6.  Show  by  equation  how  free  (1  is  produced  in  aqua  rogia. 

7.  If  a  cold,  dilute  solution  of  starch  ancl  KI  give  a  blue  color 
with  HCl,  what  impurity  is  indicated? 

8.  What  kina  of  a  stain  is  produc*  d  on  Mark  doth  bv  IICl,  HNO;j. 
and  H2SO4? 

9.  How  does  dilute  H0SO4  act  as  an  astringent? 

10.  Write  equation  for  reaction  of  HNO-j  on  Cu. 

11.  WTiy  is  HI  usually  prescribed  as  a  syrup? 

12.  Show  by  equations  the  relations  of  the  acids  of  P. 

13.  What  weak  acid  breaks  up  as  soon  as  formed? 
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14.  What  acid  is  a  strong  bleaching  and  disinfectant  agent? 

15.  What  is  silicic  acid? 

16.  What  acid  imparts  a  green  color  to  flame? 

17.  If  a  H2S  generator  were  leaking  at  some  point,  how  could  one 
determine  the  point? 

18.  To  what  is  the  bad  smell  of  rotten  eggs  due?    Why  do  they 
float? 

19.  What  acid  liberates  most  other  acids  from  their  salts? 

20.  Write  equation  for  a  mixture  of  H2SO4  and  H^O. 

21.  What  relation  does  the  percentage  of  pure  HCi  bear  to  the 
sp.  gr.? 

Bases. 

1.  What  are  the  caustic  alkalieaf 

2.  What  is  the  density  of  NH3?    Is  it  heavier  or  lighter  than  air? 

3.  How  could  you  prepare  the  hydroxid  of  any  of  the  metals  ex- 
cept of  the  alkalies  and  alkaline  earths? 

4.  Calculate  how  many  volumes  of  NH3  are  required  to  make  a 
10-per-cent.  solution,  by  weight,  in  H2O. 

5.  Explain  appearance  of  white  scum  on  lime  water  exposed  to 
the  air. 

6.  Why  is  Ca(H0)2  nearly  twice  as  soluble  in  cold  as  in  boiling 
water? 

7.  What  is  "milk  of  magnesia/'  and  for  what  is  it  used? 

8.  What  hydrate  is  used  extensively  as  a  mordant? 

9.  How  make  "black  wash"  and  "yellow  wash"? 
10.  What  is  dialyzed  iron? 


Salts. 

1.  How  can  one  remove  the  purple  stain  of  AUCI3  from  the  hands? 

2.  Reason  out  a  method  for  removing  AgNOs  stains  from  the  skin. 

3.  What  are  the  products  resulting  from  heating  KCIOa? 

4.  Represent,  by  an  equation,  the  action  of  vinegar  on  chlorinated 


lime. 


5.  Explain  the  color-change  in  identification  of  hypochlorites. 

6.  Which  official  bromid  contains  the  greatest  percentage  of  Br, 
and  hence  is  most  hypnotic? 

7.  Explain  color-change  and  use  of  chloroform  in  01  test  for  bro- 
mids.     What  would  a  violet  color  indicate? 

8.  What  amount  of  KI  is  required  to  make  a  saturated  aqueous 
solution  ? 

9.  Why  is  sugar  used  with  the  licorice-root  in  pil.  ferri  iodidi? 

10.  Explain  why  the  protiodid  of  Hg  is  sometimes  yellow  in  color, 
sometimes  green. 

11.  How  detect  the  contaminating  presence  of  red  lead  or  Hg  in 
vermilion  ? 

12.  How  would  you  prepare  a  solution  of  Ca(SH)2? 

13.  Explain  setting  of  plaster  of  Paris. 

14.  How  much  ZnS04  will  10  gm.  Zn  yield? 

15.  What  change  in  appearance  of  white  lead  and  of  Bi  subsalts 
on  heating  (200°  or  more),  and  why? 

16.  How  detect  adulteration  of  white  lead  with  BaS04? 

17.  Why  is  good  baking  powder  preferable  to  saleratus? 

18.  Write  equation  for  raising  of  bread  with  baking  powder. 

19.  Why  cannot  NaN03  ^  VLBed  in  gunpowder? 

20.  What  should  be  the  color  of  a  mixture  of  bromid  and  iodid 
tested  with  starch  and  CI  water? 

21.  Mention  the  only  insoluble  Li  salt. 
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22.  What  precautions   should  be  observed   in   evaporating  hypo- 
phosphite  solutions? 

23.  What  colored  ppt.  does  (NH4)2Mo04  yield  with  a  mixture  of 
phosphates  and  hypophosphites? 

24.  What  pigments  would  you  mix  to  get  chrome-orange? 

25.  Explain  ppt.  of  argols  during  vinous  fermentation. 

26.  Is  F^04  soluble  or  insoluble? 

27.  What  solvents  are  of  aid  in  removing  ordinary  plasters  from 
the  skin? 

28.  How  does  AgNOs  dye  the  hair? 

29.  Why  is  the  caustic  action  of  lunar  caustic  superficial? 

30.  Why  do  dental  cements  give  way  more  rapidly  near  the  gum- 
margin? 

31.  Write  equation  for  firing  a  gun. 

32.  What  salt  is  formed  in  making  H  in  the  laboratory? 

33.  What  makes  some  waters  hard:    temporary  and  permanent? 

34.  Why  are  ternary  halogen  salts  unstable? 

35.  Give  the  common  name  and  formula  of  the  chief  salt  of  Sb. 

36.  What  is  the  chemlc  nature  of  glass,  and  how  is  it  colored? 

37.  What  changes  take  place  in  the  drying  of  wall-plaster? 

38.  What  group  of  metals  has  the  most  soluble  salts? 

39.  What  is  the  chief  medicinal  compound  of  Mg? 

40.  What  is  the  "bichlorid  of  gold"? 

41.  Write  the  graphic  formula  of  ferric  bromid. 

42.  What  is  the  chief  use  of  the  salts  of  Sn  ? 

43.  From    what   two    localities    are    Ni    and    Co    ores    generally 
obtained? 

44.  What  is  the  only  medicinal  salt  of  Ce? 

45.  Explain  the  use  of  borax  in  welding. 

46.  How  does  the  addition  of  washing  soda,  NaOH  or  lime  water 
soften  hard  water? 

47.  How  does  cement  harden  under  HoO? 

48.  Why  does  a  white-painted  house  turn  dark  in  time? 

49.  How  could  you  separate  traces  of  HgClo  from  HgCl? 

50.  How  does  adding  a  little  sal  ammoniac  to  the  water  prevent 
the  formation  of  a  fur  in  boilers? 

51.  Of  what  salts  are  ashes  chiefly  composed? 

52.  Write  equation  for  freezing  mixture  of  Na2S04  and  HCl. 

53.  To  make  a  fresh  preparation  of  NaCjH-.Os,  what  relative  pro- 
portions should  be  used  of  salicylic  acid  and  sodium  bicarbonate? 


THE  CARBON  COMPOUNDS. 


The  term  organic  was  formerly  applied  to  compounds  de- 
rived directly  or  indirectly  from  living  organisms;  all  others 
were  called  inorganic  or  mineral.  This  distinction  was  first 
broken  down  by  Henry  Ilennell,  who  in  1826  made  alcohol 
from  coal-gas;  and  again  in  1828  by  Wohler,  who  obtained  urea 
by  warming  ammonium  cyanate  produced  in  the  laboratory. 
Since  then  the  synthetic  manufacture  of  drugs  formerly  prepared 
only  in  Nature^s  laboratory  by  the  supposed  "vital  force"  has 
risen  to  immense  proportions.  As  an  example  of  such  synthe- 
sis, acetylene-gas,  C2H2>  ^^^  ^^  made  by  direct  union  of  C  and 
H  in  the  electric  arc,  ethylene  may  be  prepared  from  acetylene 
by  the  action  of  nascent  H ;  and  ethyl  alcohol  is  obtainable  from 
ethylene  by  treating  the  latter  with  H2SO4  and  H2O.  Sugars 
have  been  made  by  simple  electrolysis  of  H2O  charged  with  CO2. 
Ordinarily  synthetic  preparations  are  derived  from  natural 
products  and  by-products,  particularly  coal-tar,  which  is  the 
source  of  a  great  number  of  dyes  and  medicines.  It  will  be  seen 
that  the  term  organic  chemistry  has  lost  all  its  fonner  signifi- 
cance, and  is  now  simply  a  convenient  name  for  the  science  of  the 
carbon  compounds,  particularly  those  which  contain  this  element 
in  a  combustible  form.  Substances  which  exist  naturally  in  a 
state  of  mixture  are  termed  proximate  principles. 

Test  for  Organic  SnbBtances  (that  is,  for  Carbon). — ^Heat  sugar 
or  other  C  compound  on  Pt  foil  till  it  chars.  Keep  heating,  and  it  all 
burns  away  unless  some  impurity  or  a  metallic  salt  of  an  organic  acid 
is  present. 

Treat  sugar  with  H2SO4  and  note  the  charring,  owing  to  the  acid 
taking  H  and  O,  or  water,  away  and  leaving  the  C. 

A  better  test  is  to  mix  the  sugar  with  ton  times  its  weight  of 
CuO  and  heat  to  redness  in  a  narrow,  hard-glass  tube  sealed  at  one  end, 
passing  the  gases  (CO2,  etc.)  into  lime  water. 

C  has  a  wonderful  capacity  for  uniting  with  itself  and  H 
to  form  a  great  variety  of  compounds.  Along  with  0,  these  two 
elements  make  up  most  vegetable  substances.  Animal  sub- 
stances contain,  in  addition,  N  and  sometimes  S  and  P,  CI 
and  T.  No  natural  compound  contains  sufficient  0  fo^the  com- 
plete combustion  of  its  combustible  elements;  such  artificial 
compounds  are  often  explosive.  The  four  elements  H,  0,  N  and 
C  are  sometimes  called  organogens. 

Test  for  H. — Heat  sugar  in  a  dry  test-tube  and  note  cloud  of  vapor 
in  upper,  cooler  part  of  tube. 

Test  for  0. — Show  that  absolute  alcohol  oxidizes  Na,  whereas,  ben- 
zene, CqUqj  does  not. 

Na  -h  C2H5HO  =  H  +  CgHgNaO 

(204) 
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Tert  lor  N. — Heat  white-ot-egg  disks  on  PL  foil,  and  note  odor  of 
burning  fealhers;  or  lieat  in  a  hnrd-gloss  tu1>e  witb  soda-lime  (eqiml 
p:i[l8  NaHU  and  Ca.0)  and  murk  odor  of  NH3. 

A  moTp  delicate  teat  is  lo  heat  a  small  disk  gradually  to  a  red 
deal  in  u  narrow  t«Bt-tube  with  a  piece  of  Na  the  eiEe  of  a  pea.  Allow 
to  eool  a  little,  and  break  off  bot  end  bj  immersing  in  a  little  water 
in  an  evaporating- dish.  Then  filter  oil  the  C;  add  a  tew  drops  of  FeSO(, 
and  warm-,  acidulate  wUb  HCl,  and  test  wttli  a  drop  of  FeClg,  forming 
blue  Fe^CFeCfiNela' 

6NaCN  +  Fe(IlO)a  =  Ntt4Fe(CN)o  +  2NaHO 

Teit  for  S  b^  boiling  white  of  egg  in  an  alkaline  solution  of 
Pb  ( HO )  J,  getting  dark  ppU  of  PbS. 

Teit  for  P  by  fusing  yelk  of  egg  on  Pt  foil  with  KNO3  and  K^COg 
till  the  residue  is  rolorless.  Dissolve  this  in  H2O,  and,  aftor  pptg.  sul- 
phules  with  BaCU,  filter  and  throw  down  phospliales  with  (NII,),Mo04 
in  HNO,, 

^Ve  may  also  oxidize  the  siibstunce  by  heating  in  a  sealed  tube 
with  HXO3.     UgPOj  i^  formed,  and  is  recogniied  by  the  usual  teats. 

lest  eUorofomi  far  CI  by  mixing  it  with  pure  CuO  and  igniting 
on  Pt  wiro.  Ct  (and  Br)  gives  a  blue  color,  changing  to  grceii;  I  a  green 
color.    The  wire  should  first'be  held  in  the  flame  till  colorless. 

The  empiric  molecular  formulas  of  organic  Bubstauces  are 
obtained  by  dividing  the  percentage  of  each  element  by  its 
atomic  i\-eipht  to  get  the  ratio  of  the  elements;  then  taking 
as  many  atoms  of  each  element  in  these  ratios  ag  will  make 
up  the  molecular  weight,  which  is  tvrice  the  vapor-density  (see 
■■-Vnaij-tie  Chemistry"). 

Example. — Formaldehyd  contains  40  per  cent,  of  G,  6,6Q  per  cent 
of  H,  and  53.34  per  cent,  of  O.  These  numbers  divided,  respectively,  by 
the  atomic  weight  of  each  element  give  the  proportion  of  3.33  atoms  of 
C.  6.0e  of  II,  and  3.33  of  0,  or  2  of  H  to  1  each  of  C  and  0;  hence  the 
percentage  composition  is  ClInD.  The  vapor-densily  of  formaldeUyd  is 
15;  hence  the  molecular  weight  is  30,  which  corrpsponda  with  the  weight 
of  the  molecule  UUzO  (12  B  16).    The  correct  formula  is  therefore  CH3O. 

Acetic  acid  shows  the  same  percentage  composition  as 
fiirmaldehyd,  but  its  vapor-density  and  molecular  weight  are 
twice  as  great;  hence  its  formula  should  read  CaHiOj.  Again, 
lactic  acid  has  the  empiric  formula  CsIIaOs;  Bince,  while  the 
dements  are  in  the  same  proportion  as  in  fomialdehyd,  the 
molecular  weight  is  90  in  place  of  30. 

Organic  componnda  are  separated  and  purified  in  three 
wava:  i.  By  shaiing  or  boiling  with  alcohol,  ether,  benzene, 
luid  chloroform,  in  all  of  which  inorganic  eompounds  are  gen- 
erally iDEoluble.  A  mi.\ture  of  benzoic  acid,  tartaric  acid,  and 
sugnr  can  be  separated,  the  first  by  ether,  the  second  by  alcoholj 
and  the  third  with  II2O.  3,  By  crystallization  from  the  various 
wlventa  above  mentioned.  Two  or  more  substances  may  some- 
times be  separated  by  fractional  crystallization.  3.  By  distilla- 
tion, especially  fractiomil.  as  in  the  parting  of  alcohol  and 
water.  The  process  is  sometimes  conducted  in  a  current  of 
Bteam  or  under  reduced  pressure.  The  m.p,  of  pure  substances 
is  always  de&iite;  of  impure  substouces  indefinite  and  gradual. 
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By  eremacausis  is  understood  Uie  natural  slow  combustion 
or  decay  of  organic  eubatances.  Proteins  putttfy  (through  the 
agency  of  anaerobic  saprogenic  bacteria)  into  bad-amelling,  alka- 
line products.  Carbohydrates  ferment  into  CO2  and  other  acid 
products  not  usually  of  a  bad  odor.  Produce  and  meats  are  beet 
kept  at  a  temperature  just  above  f.p.  After  freezing,  meat,  fish 
and  milk  lose  flavor  and  spoil  more  rapidly  when  exposed  to 
heat.  The  tenn  humus  is  applied  to  the  dark  (carbonaceous) 
mixture  of  decomposing  vegetable  substances  in  the  soil. 

Chemic  clianges  in  plants  are  generally  constructive  or 
synthetic  by  reduction ;  those  in  animals,  destructive,  oxidative, 
or  analytic.  Thus,  plants  build  up  COa  and  H2O  into  starches 
and  sugars,  which  are  broken  down  again  in  the  animal  organism 
into  HjO  and  CO2. 

Plants,  like  animals,  have  a  selective  nutritive  power,  and 
take  up  proportionally  more  bases  (unless  there  is  excess  of 
nitrates)  from  the  soil- solution,  leaving  an  excess  of  acids  in 
solution.  They  have  been  grown  to  perfection  in  well  water 
renewed  weekly.  The  role  of  fertilizers  seems  to  be  in  the  main 
that  of  a  stimulant  to  early  rootlet  growth.  Vegetable  fibers  are 
carbonized  by  acids,  animal  fibers  are  dissolved  by  alkalies. 

Plant  principles  used  medicinally  consist  chiefly  of  cataboUc 
products,  which  serve  the  purpose  of  seK-protection  against 
bacteria,  fungi,  insects,  worms  and  larger  animals.  Because  of 
cheaper  production,  synthetic  preparations  are  replacing  more 
and  more  the  natural  plant  derivatives.  It  suffices  to  mention  in 
this  connection  the  manufacture  of  salicylic  acid  and  oil  of 
wintergreen  from  coal  tar;  of  camphor  from  turpentine;  of 
valeric  acid  by  oxidation  of  amyl  alcohol;  and  of  codein  by 
methylation  of  morphin.  Much  alcohol  is  now  made  sjti- 
thetically. 

The  roots  of  medicinal  plants  contain  various  alkaloids, 
glucosids,  fixed  and  volatile  oils,  resins  and  starch.  The  smaller 
leafy  and  flowering  or  fruiting  stems  of  many  plants  are  used  in 
medicine.  Tubers  are  in  the  main  a  storehouse  of  starchy  re- 
serve material  for  the  use  of  the  plant  in  the  second  year  of 
biennials.  Ehiznmes  likewise,  as  a  rule,  contain  considerable 
starch.  The  outer  color  of  barks  depends  on  Jicliens.  All  barks 
contain  much  tannin  {quercus  alba,  7  per  cent.;  rubus,  20  per 
cent.),  which  varies  slightly  in  constitution  in  differrat  plants. 
Heart  woods  often  have  tannin,  resins  and  coloring  matter.  The 
green  color  of  leaves  and  floral  foliage  is  due  to  chlorophyl  and 
the  closely  allied  xanthophyl.  The  coloring  matters  of  flowers 
are  mostly  unknown  (probably  phenol  compounds)  and  are 
readily  decomposed.  These  colors  serve,  like  the  scent,  to  attract 
insects  to  get  the  nectar  (saccharose)  and  pollen,  and  so  insure 
cross  fertilization.  White  or  pink  flowers  are  turned  blue  by 
treating  the  plant  with  iron.  Plants  bloom  (Loew)  because  of 
stimulation  by  tlie  sugar  in  the  sap.     This  saccharine  solution  is 
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more  concentrated  when  the  moisture  supplied  to  the  plant  ia 
deficient. 

Malates,  tartrate?,  citrates,  and  their  free  acids  (more  in 
unripe),  with  sugar  (replaces  starch)  and  pectin  are  the  chief 
ingredients  of  edible  fruits.  All  aromatic  umbelliferie  yield 
volatile  oils.  Seeds  are  relatively  rich  in  fats,  proteina  and 
alkaloids.  The  aleuron  grains  are  made  up  of  a  globoid  hody 
of  the  phosphates  of  calcium  and  magnesium  and  crystalloid  pro- 
teids,  in  a  ground  suhstance  which  is  soluble  in  water. 

Climate,  season  and  soil  have  much  to  do  with  the  composi- 
tion (quantitative  particularly)  of  plants.  The  proportion  of 
any  element  in  a  plant  can  be  greatly  increased  hy  furuiahing  its 
rootlets  with  a  suitable  mineral  substance.  The  iron  content  of 
spinach  has  been  increased  sevenfold  by  treating  the  soil  around 
the  roots  with  ferric  hydrate.  Many  volatile  oils  vary  in  their 
coustituents  according  to  climate  and  soil,  and  even  with  the 
part  of  the  plant. 

Roots  should  be  gathered  at  full  maturity,  just  before  the 
flowering  period — biennial  plants  in  the  autumn  of  the  first  year, 
perennial  in  the  fall  of  the  second  or  third  year.  Aconite  tubers 
are  usually  best  gathered  in  winter  or  early  spring.  Barks  are 
to  be  peeled  off  in  the  spring  when  the  sap  begins  to  flow,  or  in 
wmter.  Only  the  inner  layer  of  the  coarser  barks  is  used 
medicinally.  Leaves  and  herbs  should  be  collected  when  the 
plants  are  in  full  flower,  and  should  be  dried  carefully  in  the 
ebade  so  as  to  retain  their  bright  green  color.  Digitalis  leaves 
should  be  plucked  in  the  autumn  of  the  second  year;  they  must 
be  used  within  a  few  months.  Flowers  are  collected  when  they 
first  open  or  just  after,  and  are  dried  in  the  shade.  Seeds  are  to 
be  gatiiered  just  while  ripening,  before  the  seed  pods  are  open, 
and  are  winnowed  to  remove  fragments  of  stems,  leaves  and 
shriveled  specimena. 

Crude  drugs  and  their  products  used  in  medicine  are  gen- 
erally mixtures  of  considerable  complexity.  Thus  asafetida  con- 
tains a  dozen  chemical  constituents.  Oil  of  peppermint  consists 
of  at  leas^l5  terpenea.  Even  tlie  so-called  active  principles  are 
not  always  chemical  entities.  Commercial  aconitin  is  a  mixture, 
in  varinble  proportions,  of  true  aconitin,  pseudo-aconitin,  aconin, 
pwado-aconin,  and  picraconitin.  The  crystalline  aconitin  is  about 
three  times  as  strong  as  the  amorphous,  and  this  is  five  or  six 
times  the  strength  of  tho  eclectic  resinoid  aconitin.  Fluid  ex- 
tracts represent  for  each  cc,  1  gm.  of  the  crude  drug, 

A  growing  plant  is  more  than  three-fourths  water,  which 
keeps  np  a  marked  tension,  and  by  the  partial  loss  of  which  the 
plant  wilts.  Tlie  ash  of  plants  seldom  exceeds  3  per  cent,  (rhu- 
Urb  sometimes  40  per  cent.;  15  per  cent,  in  chondrus),  being 
meet  abundant  in  the  stem  and  leaves.  Mineral  substances  in 
general  facilitate  chemical  reactions.  Ca  serves  the  same  pur- 
[)ose  in  the  cell  walls  of  plants  as  in  bones ;   potassium  aids  in 
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condensing  organic  molecules.  Na  is  not  needed  by  plants. 
Silica  gives  a  protective  sheath  or  cutting  edge  to  certain  leaves. 
Buchu  aph  is  rich  in  Mn.  Potassium  nitrate  is  a  common  con- 
stituent of  plants  (hyoscyamus,  tobacco,  borage),  but  the  most 
abundant  plant  salt  is  calcium  oxalate,  which  appears  in  single  or 
multiple  (raphides)  crystals  in  many  species  (most  in  rhubarb 
root).  Calcium  carbonate  is  found  occasionally  as  ^"cystoliths," 
resembling  bunches  of  grapes. 

In  the  disintegration  of  plants,  as  in  constructive  metab- 
olism, the  widely  distributed  ferments  (oxidase,  diastase,  cellu- 
lase,  lipase,  etc.)  doubtless  play  an  important  role.  The  odor 
of  a  plant,  as  in  belladonna  and  tobacco,  is  often  developed  after 
its  collection.  A  curious  phenomenon,  not  fully  understood,  is 
the  gclatinization  of  certain  fluid  extracts  (red  gum,  hydrastis, 
kino,  catechu)  on  stiuiding  or  in  contact  with  oxidizing  agents 
(potassium  permanganate). 


HYDEOCABBONS. 

Hydrocarbons  are  simply  compounds  of  C  with  itself  and 
n.  Of  these  there  are  a  great  number,  some  of  the  most  im- 
portant being  arranged  in  the  following  tiible.  They  are,  for 
the  most  part,  vegetable  products,  directly  or  indirectly,  ana- 
lytic or  synthetic,  being  built  up  by  plante  from  the  CO2  and 
H2O  of  tlie  air.  They  are  generally  colorless  and  insoluble  in 
water,  but  soluble  in  ether  or  alcohol;  neutral,  stable,  and 
volatile  without  decomposition. 

NOMENCLATUBE  or  HOMOLOGOUS  HYDBOCABBONS. 


Scries  I. 

fiCRlBS  IL      , 

BKBin  ni. 

SBBin  IV. 

Siiun  V. 

PRCnZBS. 

(CnII«n  +  2). 

(CdIIsd). 

(CaIIsn-2). 

TVllMMCf 

(CBHta-4). 

(CBiigD-e). 

Meth- 

Eth- 

Prop- 

But- 

Pent- 

ane  =»  CH4 
"   =C,H« 

••   =C4H,o 

"   -CiHm 
Up  to  C4^»H«j 

ene  or  jlene  »  C1H4 
"       "     -C,H« 
"       "     =C4Hg 

ine  »  C^Hs 

"  -  Cin* 

one  a  CsHt 
"  -C4H4 
"  -=CiH. 
"  -UH. 

an6«-C«Ht 

"   -Cyi4 
"   -CH, 

The  arbitrary  arrangement  given  above  is  designed  as  a 
simple  plan  for  designating  hydrocarbons  according  to  their 
exact  coni])()sition.  It  will  be  noted  that  the  prefix  meth  indi- 
cates 1  atom  of  C ;  eth,  2  atoms ;  prop,  3 ;  but  or  qiuirt,  4 ;  pent 
or  arnyl,  5;  hex,  6;  hept,  7,  etc.,  with  the  use  of  Greek  numerals. 
It  is  also  seen  at  a  glance  that  the  suffixes  indicating  the  series 
are  in  the  order  of  the  vowels  of  the  alphabet,  and  that  each 
member  of  a  series  is  2U  less  than  the  correeponding  member 


HYDROCARBONS.  209 

of  the  preceding  series,  as  shown  in  a  general  way  by  the  alge- 
braic formulas.  Hence  it  is  an  easy  matter  to  deduce  the  name 
from  the  formula,  or  vice  versa.  The  sixth  series  is  known  as 
tlie  cinnamene;   the  eighteenth  as  the  anthracene. 

Homologous  hydrocarbons  differ  by  CH2,  and  hence  belon«^ 
to  the  same  series.  Isologues  differ  by  IL29  and  are  correspond- 
in;;  members  of  adjacent  series.  Isomeric  bodies  have  the  same 
fonnuhis,  but  are  not  physically  identic.  Polymeric  compounds 
are  multiples,  the  one  of  the  other,  e.g.,  propene  and  hexene. 
True  isomerism  is  often  indicated  by  the  prefix  iso;  polymerism, 
by  para.  Metamers  are  compounds  having  tlie  same  composi- 
tion, but  different  constitutions  or  structural  formulas.  Ex- 
amples of  metameric  compounds  are  cyanic  acid,  N-  C- 
—  0  —  H ;  isocyanic  acid,  H  —  N  =  C  =  0 ;  and  f ulminic 
acid,  C-.N  — 0  — H. 

For  convenience  of  study,  the  C  atom  is  frequently  rep- 
resented as  a  tetrahedron,  and  formulas  or  diagrams  based  upon 
tliis    conception    are    termed    stereoehomic.      Stereo-isomerism 


Fig.  31.  Fig.  32. 

Fig.  31- — Maleic  Acid.    Plane  symmetric   (or  cia-)   form. 
Fig.  32.— Fumaric  Acid.    Axial  symmetric   (or  trans-)   form. 

(allotropism,  enantiomorphism ;  right  and  left  liand  rotation) 
is  the  term  applied  to  differences  solely  in  physic  properties  of 
(vrtain  compoimds  having  the  same  molecular  and  constitutional 
formula?.  These  variations  are  aocoiintod  for  bv  a  difference  in 
the  relative  positions  of  the  atoms:  i.e.,  the  way  they  face  each 
other.  Neutral  combinations  of  storeo-isoinoric  substance?  are 
calletl  racemoid.  Tlius,  atropin  is  a  racoinic-  mixtuie  of  doxtro- 
and  levo-hvofKvamin. 

A  change  of  ohemic  constitution,  as  in  those  carbon  com- 
pounds, is  termed  atomic  re-arrangcmont.  There  are  a  few  sub- 
stances whose  atoms  may  change  position  without  altering  the 
iilentity  of  the  molecule.  Thus,  phloroglucol  can  be  reprosont«Ml 
as  CoH3(HO)3  or  as  (CH2)3(C0)3,  and  is  an  example  of  such 
tautomeric  (desmotropic)  molecules.  All  optically  active  sub- 
stantias contain  asymmetric  C  atoms  (sometimes  italicized),  to 
each  of  the  four  bonds  of  which  a  different  element  or  gioup  is 
attached.  The  usual  formula  is  called  normal  or  primary,  and 
has  1  C  linked  to  no  more  than  2  other  C  atoms.  In  i',s'^  or 
•secondary,  compounds  1  C  is  linked  to  3  others;  in  nirso,  or 
tertiary,  to  4;  in  neo,  2  to  3.  The  number  of  possible  graphic 
isomeric  formulas  for  the  fourth  member  of  the  llrst  series  is  '2 ; 
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for  the  fifth,  8;  for  the  eighth,  18,  and  so  on  by  permutation  to 
802  for  the  thirteenth  member. 

The  members  of  the  first  four  series  are  comparatively  easily 
broken  up,  and  hence  are  arranged  graphically  in  open  (arbo- 
rescent) chains,  as  ethane: — 

H    H 

I       I 
H— C-C— H 

I 
H 


i 


The  carbon  nucleus  of  the  fifth  series  is  very  pennanent,  hence 
is  represented  as  a  closed  chain  or  ring.  The  unsaturated  nature 
of  the  members  of  all  the  series  except  the  first  is  represented 
rationally  by  double  or  treble  bonds  or  linkings  between  C  atoms, 
thus,  ethene : — 

H— p-p~H 

H-L— L-H 

Unsaturated  hydrocarbons  unite  readily  with  halogens  and  hydra 
acids  to  form  saturated  compounds. 

By  dropping  an  H  from  any  of  these  formulas  a  monad 
radical  is  obtained.  Such  hydrocarbon,  alcohol,  or  alkyl  rad- 
icals are  electropositive,  and  are  named  with  the  usual  prefix, 
but  with  the  ending  changed  to  yl  (occasionally  ylene  or  enyl 
when  2  or  3  H  are  removed).  Examples  are:  CH3,  methyl; 
C2H5,  ethyl;  C5H12,  pentyl  or  amyl;  CeHg,  hexyl  or  phenyl; 
CeH4,  phenylone;  C3H7,  propyl  or  tritenyl;  and  C3H5,  allyl. 
Compoimds  containing  the  radicals  of  the  first  series  are  termed 
alkyls,  because  they  resemble  the  alkali  metals  in  type.  Com- 
pounds of  the  fifth  series  isomeric  with  those  of  the  first  are 
designated  by  the  prefix  cyclo. 

PAKAFFINS,  OR  FATTY  SEKIES. 

This  series  difi'ers  from  the  others  in  its  members  being 
saturated;  hence,  stable.  All  are  neutral,  combustible,  and 
lighter  than  H2O.  The  name  parafiui  indicates  "little  afiBnity,'^ 
or  chemic  inertness.  The  first  four  members  of  the  ^ries  are 
gases;  the  next  twelve,  oily  liquids  at  ordinary  temperatures; 
the  higher  members  are  fatty  and  waxy  solids.  Atmospheric 
0  conveiis  many  of  the  liquids  into  solids.  The  members  of 
this  series  are  thought  to  have  originated  by  destructive  dis- 
tillation of  the  fatty  remains  of  sea-animals  in  the  lower  layers 
of  the  earth's  crust. 

Methane,  or  "marsh -gas,"  is  a  colorless,  tasteless,  odorless 
gas  fomncd  by  decay  of  vegetable  matter  under  H2O.  It  con- 
stitutes 90  to  95  per  cent,  of  natural  gas  and  30  to  40  per  cent, 
of  ordinary  coal-gas  (6  to  12  per  cent,  of  water-gas).     It  often 
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collects  in  large  quantities  in  ill-ventiJated  coal-mincB  ("fire- 
damp"), where  it  may  take  fire  and  give  riae  to  terrible 
explosions, 

Kxpertment.— Prepare  pure  CH4  by  heatinj?  1  part  NaCjHaOj  with 
i  p«rt9  toda-lime,  collecting  over  UjO.  Note  blue  flame  when  hurned. 
This   is  a  sign  of  danger   when  seen   within   the   Davy  satetj-larap   of 

Ethane  is  also  present  at  times  in  natural  gas.  Butane, 
or  quartane,  is  a  gas  which  when  liquefied  (cyniogene)  is  used 
in  ice-machines.  Rhigolene  is  a  hydrocarbon  mixture  (mostly 
pentane),  used  aa  a  local  anesthetic  by  evaporation. 

Petroleum  is  an  extremely  important  natural  mixture  (up 
to  C20H42)  obtained  from  wells  and  furnishing  most  of  the 
members  of  this  series.  In  tlie  crude  form  it  is  a  thick,  brown 
or  yellow  liquid.  Among  the  products  of  its  fractional  distilla- 
tion (with  b.p.)  are  cymogeue  (0")  ;  rhigolene  (21°);  benzin 
(50°  to  60°) ;  gasolin  (75°) ;  naphtha  (SS"  to  149°) ;  Hgroin, 
or  light  petroleum  (70'*  to  130°) ;  cleaning  oil  (120°  to  170°) ; 
kerosene,  or  refined  petroleum  (150°  to  250°) ;  mineral  sperm- 
oil  (218°);  lubricating  oil  (301°);  paraffin  (melts  at  45"  to 
65") ;  vaselin  (poft,  melts  at  40°  to  45° ;  hard,  at  45°  to  51°) ; 
and  coke,  or  petrok-um  pitch.  All  fractions  are  purified  by  treat- 
ing with  H2SO4.  then  washing,  then  rendering  alkaline.  Some 
of  these  compounds  are  derived  from  the  dry  distillation  of  soft 
coal,  bitumen,  shaly  wood,  ozokerite,  and  fish-oil.  Petroleum 
compounds  are  characterized  generally  by  more  or  less  fluores- 
cence. They  are  soluble  in  ether,  chloroform,  CSg,  benzin, 
benzene,  turpentine,  and  oils. 

Benzin,  benzolin,  or  petroleum-ether  (mixture  of  pentane 
and  hexane)  has  a  sp.  gr.  of  0.6S  and  is  a  good  solvent  for  oils, 
fats,  resins,  and  rubber.  It  remains  semiliquid  at  —  175°  It  is 
used  to  remove  grease-spots  and  for  varnishes  and  paints. 
Clothing  saturated  with  benzin  may  take  fire  in  direct  sunlight. 

Naphtha  appears  in  three  forms  (A,  B,  and  C),  with  differ- 
ent b.p's.  It  is  the  so-called  safety-oil,  and  is  used  as  a  solvent 
for  oils,  fats,  resins,  and  rubber.  Cleaning  oil,  as  the  name 
suggests,  ia  used  for  cleaning  purposes  and  Sso  in  place  of  tur- 
pentine in  varnishes,  Gasolin  is  highly  inflammable,  and  is 
used  in  special  stoves  and  for  ninning  automobiles.  Gasolin  is 
given  the  formula  CaH,4.  Sufficient  heat  may  be  developed  by 
rubbing  fabrics  soaked  in  gasolin  to  cause  spontaneous  com- 
bustion. 

Kerosene,  or  coal-oil,  constitutes  from  50  to  60  per  cent,  of 
average  petroleum.  It  should  not  "flash"  (yield  an  inflam- 
mable gas)  below  120°  F.  or  ignite  itself  under  300°  P, 

Experiment  to  Test  Plashlngr-polnt  of  Kerosene.— Fit  a  large  test- 
tube  with  a  perforated  cork  provided  with  a  bent  glasa  tube  and  a 
thermometer.'  Pour  about  15  c.c.  of  kerosene  into  the  tube,  and  heat 
veiy  groduBllj  on   wat«r-bnth.     Agitata   surface  of  liquid   at  frequent 
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Vaseliu,  cosmolii],  or  petrolatum,  is  a  mixture  of  the  upper 
half-series  of  fatty,  yellowlBli  hydrocarbons.  It  ia  purified  and 
decolorized  by  passing  through  bone-black.  Liquid  petrolatum 
(sp.  gr.,  0.875  to  0.945)  is  a  useful  sedative  application  to  mu- 
cous membranes.  Tlie  solid  {hard  and  soft)  ia  used  as  an  oiut- 
ment-base. 

Paraffin  (sp.  gr.,  0.87?)  ia  the  waxy  residue  left  after  dis- 
tilling off  tlie  above-named  products.  Ozokerite,  or  mineral 
wax,  consistB  largely  of  parafBn,  and  is  used  in  the  preparation 
of  ceresin,  a  substitute  for  wax.     Paraffin  ie  acted  on  hardly  at 


PiK-  ss. 


all  by  the  strongest  clieniicals,  for  which  reason  it  is  used  on 
the  glass  corks  of  reagent  bottles.  It  is  also  utilized  exten- 
sively for  candles  and  in  matches,  and  of  late  has  been  employed 
(along  with  TaseUn)  in  a  melted  state  by  way  of  injection  for 
cosmetic  purposes. 

Photogcne  and  solar  oil  ore  distilled  from  the  tar  left  after 
the  destructive  distillation  of  cannel-coal  or  shale  in  the  pro- 
duction of  paraffin.    They  are  used  as  solvents  and  iliuminanta. 

Coal-gas  is  made  by  the  destructive  distillation  at  bright- 
red  heat  of  bituminous  coal  in  fire-clay  or  cast-iron  retorts. 
The  gaseous  products  are  passed  through  the  hydraulic  main, 
a  series  of  tubes  partly  filled  with  H2O,  where  the  steam,  tar, 
and  NH3  are  condensed;  then  into  the  Bcrubbera  {columns  of 
coke  over  which  water  trickles) ;  then  through  a  number  of 
large  boxes  with  perpendicularly  arranged  shelves,  where  the 
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ns  IB  purified  (of  HaS,  COa,  CSa,  SO2.  and  volatile  oils)  with 
freshly  slacked  lime,  a  miiture  of  sawdust  and  oxid  of  Fe,  etc. ; 
aiid  thence  to  the  gasonitftcr,  a  large,  tiib-ahaped,  iron  ?torage- 
reesel,  flosted  upside  down  on  water.  A  ton  of  coal  fields  10,000 
(o  12,000  cubic  feet  of  gas.  The  specific  gravity  of  coal-gas  is 
from  0.65  to  0.75. 

Water-gaa  (producer,  or  fuel,  gos)  is  made  by  the  alternate 
action  of  air  and  steam  on  anthracite  coal  at  a  red  or  white  heat. 
The  gaseous  product  is  mixed  with  naphtha-vapor,  strongly  heated 
in  tubular  retorts,  and  purified  as  above.  Being  cheaper,  though 
much  more  poisonous  (four  or  five  times  as  much  CO),  it  is  very 
largely  used  for  heating  and  illuminating  purposes.  The  chief 
ingredients  in  both  kinds  of  gas  are  CO  (5  to  25  per  cent.),  H 
(30  to  50  per  cent.),  CH4  (20  to  40  per  cent.),  C-Ha,  CsH* 
(4  to  10  per  cent.),  N,  and  COo. 

The  by-products  in  the  manufacture  of  coal-gae  are  of  vast 
importance,  particularly  NH3  and  coal-tar.  The  chief  con- 
stituents of  gas-tar  are  liquid  hydrocarbons  (benzol,  creosote, 
toluol,  XA-lol,  cumol),  solid  hydrocarbons  (nnphthalin,  anthra- 
cene, chrj-sene,  pyrene,  pitch),  alkaline  products  (ammonia, 
anilins,  quinolins,  pyridin)  and  the  tar  acids  (carbolic,  cresylic, 
tolnolie,  acetic). 

Natural  gas  is  chiefly  CH4,  with  some  C2H0,  CgHg,  H,  etc. 
It  is  probably  a  product  of  past  decomposition  of  organic  matter 
pptd.  from  water  in  stratified  rocks  and  subjected  to  heat  and 
pressure.  The  CO2  of  springs  and  soils  may  have  originated  in 
the  same  way. 

0LSFI1T8,  OA  ETETXEITE   SESIE3. 

This  series  is  comparatively  unimportant.  Its  members 
are  prepared  by  destructive  distillation  of  fats,  waxes,  coal,  and 
lignite.  The  first  three  are  gases,  the  following  four  volatile 
Hauids,  and  the  sLYtcenth  and  higher  solids.  Thev  are  mostly 
soluble  in  ether  and  alcohol,  and  ore  readily  oxidized  by  CrOs 
or  KilnO^.  The  principal  member  is  ethylene  (Cjll^),  or 
oleiiont  gas,  so  called  because  it  forms  a  colorless,  oily  liquid 
(CJH4CI2)  with  CI ;  this  fact  also  accounts  for  the  name  of  the 
series.  About  6  per  cent,  of  coal-gas  consists  of  C2H4,  to  which 
the  luminosity  is  largely  due.  It  has  a  peculiar,  sweet  smell. 
Pestenc,  or  amylene,  has  been  used  as  an  anesthetic  under  the 
name  of  pental.  It  is  obtained  by  dehydrating  amyl  alcohol, 
and  has  an  odor  like  mustard.  The  gases  of  the  ethylene  group, 
made  hy  destructive  distillation  of  oil,  and  compressed  in  iron 
rrlinders,  art'  uned  in  the  I'intsch  system  of  lighting, 

ACETTIXITE8. 

This  srrics  is  so  named  after  ethine,  or  acetylene,  a  colorless 
]fzs  with  a  sharp,  garlicky  odor  (almost  odorless  or  like  geranium 
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when  pure),  formed  by  incomplete  combustion  when  a  lamp  or 
gae-jet  is  turned  low,  or  when  the  flame  of  a  Bunsen  burner 
"strikeB  back."  The  peculiar  odor  of  a  room  heated  by  an  oil- 
or  gas-Btove  is  due  mainly  to  acetylene.  It  ie  prepared  commonly 
by  decomposition  of  CaCa  with  HoO,  In  tiie  dry  process  of 
manufacture  CaCa  is  shaken  with  some  powdered  Bub stance 
(Boda  commonly)  containing  TI  and  0,  One  pound  of  CaCa 
yields  5  cubic  feet  of  CaHj. 

Experiment, — To  aome  Itimpa  of  talcium  carWd  add  water,  and 
light  evolved  gas. 

It  has  ten  times  the  illuminating  power  of  ordinary  gas, 
and  is  not  so  poisonous,  but  may  explode  when  mised  with  air. 
On  heating  without  air  it  is  converted  into  benzene  (CeHo)  or 
styrene  (CgHp).  C2H2  is  detected  by  passing  the  gas  into  a 
solution  of  CuCl  in  NHiHO,  forming  brownish,  amorphous,  ex- 
plosive copper  acetylid,  C2H2CU2O.  C2H2  under  26  atmos- 
pheres at  0°  becomes  a  liquid,  said  to  be  the  lightest  known, 
Propine  is  commonly  known  as  allylene  and  allene  (isomeric 
gases),  and  butine  as  crotonylene, 

TEEPENES,  OB  TKITOBES. 

This  series  comprises  most  eleoptens  or  essential  oils  of 
plants,  used  for  odor  and  flavor,  and  obtained  generally  by  dis- 
tillation, sometimes  by  pressure,  fermentation,  or  solution  in 
fixed  oils.  They  leave  no  permanent  stain  on  paper,  being 
volatile.  They  are  mostly  lighter  than  HoO,  and  quite  soluble 
in  alcohol,  forming  essences  and  spirits  {usually  10  per  cent,  in 
strength).  They  are  fairly  soluble  in  ether,  but  in  H^O  only 
to  the  extent  of  1  m.  per  fluidounce,  forming  aqua.  Many  of 
them  are  isomeric  or  polymeric  with  pinene  or  turpentine, 
CjoHiOf  aiid  they  tend  to  polj-merize  to  C15H24  or  C20H32 
when  heated  in  a  sealed  tube  or  shaken  witb  H2SO4.  Most 
volatile  oils  are  optically  active.  When  pure  they  are  colorless 
(some  are  green  from  chlorophyl — others  blue,  from  azylene), 
but  tend  to  darken  with  age  and  to  become  sticky  and  resinous. 
They  combine  directlv  with  0  and  HCl;  dilute  HNO3  oxidizes 
them  into  organic  acids,  Terpenelesa  essential  oils  are  oxygen- 
ated compounds  (lemon  chieBy  citra!  and  esters  of  geraniol)  to 
which  the  flavor  and  perfume  are  largely  due.  They  are  sep- 
arated from  the  terpenes  also  present  naturally  by  fractional 
distillation,  the  latter  having  a  lower  b.p. 

The  active  principle  of  counter-irritants  and  stimulants  is 
generally  a  volatile  substance;  hence,  penetrating.  Ethereal  oils 
with  low  b.p's,  and  comparatively  little  0  are  very  penetrating; 
thus,  turpentine  is  more  penetrating  than  mustard  or  cantharides. 
Volatile  oils  are  closely  related  to  phenols  and  aromatic  acids. 
They  are  all  antiseptic  and  some  are  germicidal,  readily  penetrat- 
ing pi-otoplasm  and  lessening  its  vitality  by  acting  as  foreign 


I 


HYDROC.UtBONS. 


■215 


I 


bodies.  They  are  of  epecial  eerv  ice  {particularly  terebene)  as 
stimulating  antiseptics  in  Eubacute  and  cLronic  stages  of  inflam- 
mation of  the  urethra  or  bladder.  Volatile  oils  are  excreted 
chiefly  by  the  lungs  and  kidneys,  and  are  usod  as  stimulating 
expectorants  (terpin,  terebene,  balsams,  BquiU).  Carminatives 
(diieflj  volatile  oils)  cause  a  sensation  of  warmth  and  comfort 
in  the  stomach  and  a  marked  increase  reflexly  of  the  gastric  juice. 
They  accelerate  gastric  motility,  promote  absorption  and  relieve 
flatulence  and  distention.  Their  effects  in  the  large  bowel  are 
best  obtained  by  giving  full  doses  (of  asafetida  or  turpentine,  for 
(■lample)  in  enemas  of  hot  water  and  soap. 

The  crude  oil  of  turpentine,  the  juice  of  the  pine,  when 
distilled  leaves  common  roein,  which  consists  chiefly  of  the 
iinhydrid  of  abietic  acid,  Oti^ttO^-  The  sp.  gr.  of  turpentine 
is  0.86.  It  is  a  good  solvent  for  resins,  paints,  S,  and  P.  On 
exposure  to  air,  like  other  volatile  oils,  it  absorbs  0  as  ozone,  and 
becomes  resinous,  which  explains  its  drying  action  in  paints. 
The  acid,  or  French,  turpentine  thus  obtained  is  used  as  an 
antidote  for  P  poisoning. 

T«tt  for  Oil  of  Turpentine. — Heat  a  few  drops  with  a  drop  of 
equk]  parts  of  HCl  and  FeClj,  getting  a  red  color,  alowlf  turning 
violet,  then  blue. 

Terebene,  terpin,  and  terpinol  are  valuable  medicinal  deriva- 
tives of  CioHje.  They  are  stimulants  because  they  are  volatile. 
Terebene  is  obtained  by  the  action  of  H2S04  on  oil  of  tun)entine 
and  consists  chiefly  of  pinene,  CioHio.  When  Cif,Hie  is 
treated  with  H2S04  white  crystals  of  terpin  hydrate,  CioHig- 
(nO)2.E20,  are  formed. 

Volatile  oils  may  he  classiSed  as  follows:— 

1.  True  terpenes  (Cn,H|g  —  torebenthene  =  propylmethyl- 
dibydrobenzol) :  Bergamot,  birch,  cajuput,  chamomile,  caraway, 
dill,  hops,  juniper,  lemon,  myrtle,  nutmeg,  orange,  parsley,  pep- 
per, rue,  savin,  thyme,  Tolu,  turpentine,  and  valerian. 

2.  Cedrenes,  or  sesquiterpenes  (CibHs*)  :  Calamus,  casca- 
rilla,  cedar,  cloves  (16  per  cent. — mostly  eugonol  and  eugenic 
acid),  cnbebs,  patchouly,  and  rosewood. 

3.  Aromatic  aldehyds:  Almond  and  cinnamon. 

4.  Compound  ethers:    Mustard  (horseradish)   and  winter- 

s  third  and  fourth  classes  are  a  little  heavier  than  HjO. 

t  essential  oils  contain  also  some  oxidation  products  in  the 

a  of  stearoptens. 

Experimeiit. — Heat  moderately   a,   few   cloves   in   a  dry   t^st-tube, 

fating  heavy  while  vapors  of  the  volatile  oil,  condensing  in  the  upper 

p»rt  of  the  tube.     Pour  some  of  these  vapors  into  another  tubi;,  shake 

with  a  little  alcohol  and  n  drop  of  FeClj.    Not«  blue  or  green  color. 

The  volatile  oil  of  lemon  is  protected  from  becoming  tere- 
binthinatc  by  mixing  with  an  equal  volume  of  alcohol.     Oil  of 
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orange  flowers  in  contact  with  a  saturated  solution  of  NaHSOr. 
crives  a  permanent  purple  color.  Oil  of  cajuput  and  oil  of 
eucalyptus  are  now  assayed  (U.  S.  P.)  for  cineoi;  oil  of  lemon, 
for  citral  (same  empiric  formula  as  camphor).  Sandalwood  oil 
(sp.  gr.,  0.970)  forms  a  slightly  acid  solution  in  alcohol,  and 
consists  of  an  alcohol,  C15H26O,  and  an  aldehyd,  C15H24O. 
Tobacco  leaves  contain  a  peculiar  flavoring  oil.  In  making  mus- 
tard papers  black  mustard  seed,  previously  exhausted  of  fixed 
oil  with  benzin,  is  made  into  a  paste  and  spread  on  paper.  The 
gum  resin  myrrh  contains  2  to  4  per  cent,  volatile  oil,  on  whicli 
its  value  chiefly  depends.  Tonka  beans  contain  the  odoriferous 
principle  couinarin  (also  in  sweet  clover,  new  mown  hay  and 
fenugreek),  used  in  flavoring  cheap  vanilla  extracts. 

Volatile  oils  are  prominent  constituents  of  anthemis,  car- 
damom, matricaria,  calendula,  sambucus,  matico,  salvia,  erio- 
dictyon,  senega,  stillingia,  sumbul,  peppermint,  spearmint,  anise, 
coriander,  star  anise,  fennel,  wormwood,  hedeoma,  melissa,  grin- 
delia,  savin,  tansy,  vanilla,  saw  palmetto,  hoarhound,  sassafras, 
oascarilla  and  xanthoxylum. 

Stearoptens,  or  camphors,  are  solid,  volatile,  oxidized  es- 
sential oils,  therefore  insoluble  in  H2O,  but  soluble  in  alcohol. 
They  melt  easily  and  sublime.  They  bum  with  a  smoky  flame, 
like  all  the  rest  of  this  series,  and  are  medicinally  stimulants. 
Ordinary  camphor  (laurinol)  has  the  formula  CioHi^O  (that 
of  Borneo,  CioHigO).  Monobromated  camphor,  CioHisBrO, 
is  made  by  adding  Br  to  a  solution  of  camphor  in  chloroform. 
Menthol  (C10H20O),  from  oil  of  peppermint;  thymol  (Cm- 
H14O),  from  oil  of  Ihyme  and  horsemint;  and  eucalyptol,  6 
per  cent.  (CioHigO),  from  oil  of  eucalyptus,  are  similar  to  cam- 
phor chemically  and  are  characterized  by  a  pleasant  odor.  Myr- 
tol  is  derived  by  distillation  from  the  leaves  of  Myrtus  communis. 
Anemonin  is  a  camphor  derived  from  pulsatilla.  Apiol  is  pars- 
ley camphor.  Artificial  camphor  is  prepared  by  heating  turpen- 
tine with  oxalic  acid  and  distilling  the  product.  The  turpentine 
yields  one-fourth  its  own  weight  of  camphor. 

Identification  of  Thymol. — Dissolve  in  cone.  KHO  solution,  warm, 
and  add  a  few  drops  of  chloroform,  getting  a  reddish- violet  color. 

Caoutchouc  (elastica)  is  a  hard,  tough  polyterpene  (chiefly 
C2()H32),  poluble  in  CS2,  CeHo,  chloroform,  and  ether.  When 
lieated  with  7  to  10  per  cent,  of  S  at  130°  to  150**  it  yields 
black,  vulcanized  rubber,  which  is  more  elastic  and  less  affected 
by  cheniic  agents.  Hard  rubber  (vulcanite,  ebonite)  contains 
from  20  to  35  ])er  rent,  of  S.  Dental  rubber  is  colored  with 
vermilion,  ZnO,  CaCO^,  and  white  clay.  Eubber  plasters  have  as 
a  basis  clcanped  and  rolled  Para  rubber  with  olibanum  (true 
frankincense) ,  purified  pitch,  etc.  When  they  become  brittle  and 
non-cohefc?ive,  they  can  be  temporarily  restored  by  warming  and 
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wetting  with  alcohol.    Bubber  hardened  by  age  can  be  softened 
bv  soaking  in  dilnte  NH4HO. 

Gutta-percha  is  harder  and  more  tenacious,  and  can  be 
molded  in  hot  water  into  splints.  A  solution  in  chloroform  is 
known  as  traumaticin,  and  is  used  as  a  dressing  for  slight 
wounds.  Gutta-percha  is  also  employed  by  dentists  as  a  plastic 
non-conducting  filling  material. 

Resins  are  solid,  brittle,  amorphous,  non-volatile,  oxidized 
essential  oils;  acid  (some  neutral)  in  reaction;  soluble  in  alco- 
hol, ether,  and  oils;  and  pharmaceutically  incompatible  with 
HoO.    Those  which  combine  with  alkalies  form  soaps. 

They  occur  in  Nature  mixed  with  one  or  more  other  resins. 
They  give  a  characteristic  brown  or  yellow  color  to  plant  prod- 
ucts^ and  tend  to  darken  with  age.  They  are  derived  partly  from 
retrograde  metamorphosis  of  tannins,  cellulose  and  starch. 

Phlobaphenes,  or  resinoids,  differ  from  resins  in  being  solu- 
ble in  dilute  NH4HO  or  in  benzin.  They  are  mostly  derived 
from  tannins  by  boiling  with  acids.  They  often  constitute  the 
coloring  principle  (brown)  of  extracts,  and  are  of  no  medicinal 
value. 

Oleoresins  contain  also  some  unoxidized  oil,  and  are  soluble 
in  ether  and  alcohol.  Copaiba  is  insoluble  in  ether.  Balsams 
are  like  oleoresins,  with  addition  of  benzoic  and  cinnamic  acid^, 
which  give  an  aromatic  odor.  Alcohol  is  their  best  solvent. 
Gum-resins  are  resins  plus  gimi  and  sugar  and  up  to  9  per  cent. 
of  volatile  oil.  They  appear  in  milky  tears,  and  are  best  dis- 
solved with  dilute  alcohol.  Bubbed  with  H2O  in  a  mortar,  they 
yield  good  emulsions  (asafetida,  white;  scammony,  green;  gam- 
boge, yellow).  Many  members  of  the  above  classes  are  natural 
vegetable  exudations,  popularly  known  as  gums. 

Examples  of  Kesins. — Rosin,  ergotin,  guaiac,  jalap,  pyrethruni, 
podophyUin,  lac  (stick,  seed,  and  shell),  siimbul,  mastic,  sandarac. 
caulophyllin,  macrotin  (cimicifugin),  dammar,  oopal,  amber,  and 
asphaltw  The  last  four  are  fossil  resins.  Resins  are  important  con- 
stituents of  frangiila,  cascara  sajjrada,  senna,  rhubarb,  siimbnl.  pyre- 
thrum,  stillingia..  leptandra,  sangiiinnria,  and  phytolacca.  Of  Uic  rt>sinH 
of  jalap  (15  to  20  per  cent.),  jalapin  is  solubK*  in  etlicr;  oonvolvulin, 
insoluble.  ITie  resin  acids  of  giiaiac  arc  peculiar  in  giving  striking 
color  reactions:  IINO3,  blue-green,  parsing  to  red;  IlgClo,  blui>li-;/nrn; 
FeCl.ri,  blue.  Arnica  owes  its  properties?  to  a  resin  and  a  volatlh'  oil. 
The  bitter,  griping  resin  contained  in  senna  can  be  removed  by  per- 
colating the  leaves  with  alcohol.  The  active  principle  of  cannabis 
indica  is  cannabinol,  an  oily  red  resin  which  oxidizes  on  exposure  to  air 
to  a  black,  inactive  pitch.  The  ripe  fruit  of  podophyllum  is  not  purga- 
tive (contains  no  resin). 

Examples  of  Oleoresins. — Copaiba,  capsicum,  cubob.  lupiilin,  elnui. 
pepper,  ginger,  male  fern,  crude  turpentine,  Burgundy  and  Canada 
pitches,  wood-oil  or  gurjun  balsam,  and  various  turpentines  from  pine-. 
fir-,  and  larch-  trees.  The  medicinal  ones  are  extracted,  as  a  rule,  witli 
ether  (100  to  150  parts).  Wood-tar  (pix  li<iuida)  is  a  complex  mixture 
<'nntaining  methyl  alcohol,  acetone,  paralliii.  creosote,  pyroii«^ni«'(>u>  and 
rarholic  arida,  etc.,  prepared  by  the  destructive  distillation  of  pines. 
Oleum  cadinum  also  contains  phenols. 
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Examples  of  Qum-reslns. — ^Ammoniac,  asafetida,  myrrh,  scam- 
mony  (up  to  90  per  cent,  of  resin  seammonin),  galbanum,  gamboge 
(with  cambogic  acid),  euphorbium,  and  olibanum    (frankincense). 

Examples  of  Balsams. — Benzoin,  Peru,  copaiba,  Tolu,  and  storax 
(styrol,  CgUg).  Benzoin  is  one-eighth  to  one- fourth  benzoic  acid. 
Balsam  of  Peru  consists  of  resin  with  benzylic  benzoate  and  cinnamate 
and  some  free  acids.  Qinnamein  (oily  mixture  of  benzoate  and  cin- 
namate) is  separated  from  the  resin  by  means  of  benzin.  Balsam  of 
Tolu  is  like  Peru  balsam,  plus  vanillin  and  a  little  volatile  oil.  On 
boiling  with  water,  the  latter  turns  acid. 

Resinous  compounds  are  much  used  in  medicine  as  purga- 
tives and  as  mucous-membrane  stimulants.  The  common  resins 
are  also  employed  in  making  varnishes  (copal  chiefly),  lacquers, 
and  sealing  wax.  Japan  is  a  sort  of  varnish  made  with  shellac, 
linseed  oil,  turpentine  and  metallic  oxids.  Common  rosin 
saponifies  fat,  and  is  used  in  making  cheap  soaps  and  in  plasters, 
cerates  and  ointments.  The  rosin  oil,  obtained  by  destructive 
distillation,  is  used  with  lamp-black  and  sealing  wax  in  prepar- 
ing printers'  ink.  Shellac-covered  capsules  are  utilized  in 
intestinal  disorders. 

Identiflcation  of  Kosln,  or  Colophony. — ^Boil  a  little  of  the  powder 
with  4  times  as  much-HNOs;  when  cold,  dilute  with  an  equal  amount  of 
water  and  add  NU4HO,  getting  a  blood-red  coloration. 


AKOHATIC,  OK  BENZENE,  SEKIES. 

The  chief  member  of  this  series  is  benzene,  phene,  or  benzol, 
C(jHq,  a  colorless,  very  volatile  liquid,  with  peculiar  odor;  sp. 
gr.,  0.884;  insoluble  in  H2O,  and  derived  by  distillation  from 
coal-tar — the  light  oil  that  floats  on  water,  after  removing  phenol 
with  NaHO,  and  basic  compounds  with  H2SO4.  It  is  very  in- 
flammable, and  a  good  solvent  for  I,  P,  S,  fats,  oils,  and  resins. 
From  it  are  derived  most  modem  antiseptics,  antipyretics,  and 
dyes.    Its  molecule  is  a  symmetric  hexagon : — 

H 

I 

C 

/\ 

H  — C      C— H 

II        I 
H— C      C— H 

\^ 
C 

I 
H 

Experiment.— Make  CqH6  by  heating  a  mixture  of  CaO  and  dry 
benzoic  acid,  passing  vapors  into  a  test-tube  set  in  ice. 

Toluene,  CyHg;  xylene,  CgHio;  and  cumene,  C9H12,  are 
also  found  in  coal-tar.    Cymene,  C10H14,  occurs  in  oil  of  thyme. 
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and  is  closely  related  to  the  terpenes,  and  can  readily  be  ob- 
tained from  them  by  dehydrogenation  with  Br  or  I. 

Two  or  more  benzene  nuclei  may  be  grouped  together. 
Several  iincondensed  nuclei  are  present  in  the  diphenyl,  di- 
phenyl-methane,  triphenyl-methane,  and  indigo  groups. 

Naphthalene,  CioHg,  popularly  known  as  "coal-tar  cam- 
phor/^ or  "tar  balls/*  is  constituted  of  two  molecules  of  benzene 
condensed  into  one,  as  shown  by  this  graphic  formula : — 

H         H 

I  I 

C         C 

/\/\ 
H— C        C        C— H 

II         I  I 

H  — C        C        C  — H 

c       c 

I      I 

H         H 

Anthracene  (the  basis  of  alizarin,  or  artificial  madder,  and 
turkey-red  dye),  and  phenanthrene,  C14H10,  contain  three  con- 
densed molecules  of  benzol : — 

H         H         H 

I  I  I 

c       c       c 

/\ /\ /\ 

H— C        C         C        C— H 

I  II  I  I 

H  — C         C  C        C  — H 

\/  \^  \^ 

c       c       c 

I      I      I 

H         H         H 

The  purgative  activity  of  rhubarb,  aloes,  senna  and  cascara 
is  due  to  irritant  anthracene  (anthraquinone)  compounds. 

The  terpenes  may  be  regarded  as  cyclic  compounds  having 
one  or  more  latent  valences.  When  the  cyclic  hydrocarbon  chain 
is  composed  of  one  kind  of  atoms  (usually  C),  the  molecule  is 
homocyclic  or  isocyclic.  When  the  chain  includes  atoms  of 
different  elements,  it  is  heterocyclic. 


HYDROCABBON  DERIVATIVES. 

These  are  of  two  main  classes:  1.  The  fatty,  or  aliphatic, 
compounds  of  the  first  series,  arranged  in  open  chains.  2.  The 
aromatic,  or  ring,  compounds  of  the  fifth  series.  In  both  of 
these  groups  the  derivatives  are  produced  by  substitution  of 
other  elements  or  radicals  for  one  or  more  atoms  of  II  in  the 
hydrocarbon.     Hence  they   are   called   substitution   derivatives. 
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Addition  derivatives  are  formed  by  direct  union  of  unsaturated 
(second,  third,  and  fourth  series)  hydrocarbons  with  elements 
or  radicals. 

When  the  C  ring  of  benzene  is  broken  by  substitution  of 
N  for  C,  we  have  the  pyridin  group  of  compoimds  (quinolin  by 
similar  substitution  in  naphthalene;  acridene  from  anthracene)  ; 
by  0  for  C  in  furfuran  group;  by  S  f or  C  in  thiophen  com- 
pounds. 


Pyrrol. 
H  — C  — C  —  H 


H  — C     C—H 
\/ 
N  — H 


Furfuran. 

H  — C— C  — H 

II       II 
H  — C      C—H 

\/ 
O 


Thiophen. 
H  — C  — C  — H 


H— C     C  —  H 
\/ 

S 


Pyrazolon. 

H,C  — Cll 

I       II 
OC     N 
\/ 
NH 


The  relations  of  hydrocarbon  derivatives  are  shown  most 
clearly  by  graphic  formulas,  substituting  characteristic  radicals 
for  H  in  methane  and  in  benzene.  The  presence  of  the  various 
groups  is  shown  by  PCI5  (HO  group)  and  other  reagents. 


Methane  =  CH4. 

II  — p  — H 
1I_L  — H 


Ifydrocarhons, 
Benzene  =  CgHj. 
H 


C 


H 
H 


C 

I 
C 


C 

I 

IT 


\ 

C 

II 
C 

/ 


H 
H 


or  simply 


C  and  H  being 
nndeistood. 


Methyl  chlorid  =  CH,C1. 

I£  — P  — CI 
II  — L  — H 


Halogen  Derivativa, 


Phenyl  ohlorid  =>  C^H^a. 


Bulphonxe  Campouiuh. 
Replace  one  H  with  HSOf 

AlcoholSf  or  Hydrates, 


Methyl  hydrate  =  CH,HO. 

H  — p  — HO 
H  — L  — H 


Benzyl  alcohol  asQHtCHiHO. 
CH,HO 
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Ethers^  or  Oxids. 
Mrihyl  oxid  =  (CH,),0.  Benzoqninone  =  CeH^O,. 


EC-O-CEi 


TTkiiheihen  and  Alcohoh. 
Contain  S  instead  of  O. 

AldehydB  (fundamental  group  =  CO  Hi). 

Acetaldehyd  =  CH3COH.  Benzaldehyd  =  C«TT,COH. 

H  — p  — COH  >j^COH 


KeUme$  (fundamental  group  =  CO" ). 
Dimethyl  ketone  (acetone)  Diphenyl  ketone  (benzophenone) 

=  (CH,),CO.  =  (CeHJjCO. 

sEC-CO-Czg 


Organic  Aeida  (fundamental  group  =  COOHO* 

Aoetio  add  =  CH,COOH.  Benzoic  acid  =  CeHjCOOH. 

H  — p— OOOH  yCOOH 

H  — L— H 


Ammonia  Deriratires:    Aniins  (H  replaced  by  basic  radical)  and  amids  (H 

replaced  by  acid  radical). 

Mcthylamin  =  CHjNH,.  Phenylamin  (anilin)  =  C.HjNH,. 

H— p  — NH,  .NH, 

11  — L  — U 


Carbohydrates. 
Sugar  and  starch  groups  of  aldehyds  and  ketones. 

PhenoU  (HO  replaces  H  in  CgH.). 

,H0 


Pheojl  hydnite  (ourbolio  acid)  =CeH(HO. 
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Quinonea   (substitute  benzene  compounds  —  2  0for2H) 

Benzoquinone  =  CJcLfi^, 


Nitrogen  Derivatives  ( fundamental  groups :  —  NO^,  nitro ;  —  NO,  nitroso ; 
and  =  N  —  OH,  isonitroso  derivatives  or  oxims ) . 

Nitromethane  =  CH3NO2  (an  ester ) .  Nitrobenzene  =  CeHjNO, 

H-p  — NO,  >T-NO, 

H  — L  — H  /\      ' 


Carbtmyl  Derivatives  (fundamental  group  =  00" ). 
Cyanogen  Derivatives  (fundamental  group  =  CNi). 

Azo  and  Diazo  Compounds,    The  diad  group  — N  =  N —  is  linked  on  both 

Bides  to  a  hydrocarbon  radical  in  azo,  to  an  acid  radical 

and  a  hydrocarbon  radical  in  diazo. 

Eydraeins,    Aromatic  substitution  derivatives  of  NH,  —  NH,. 

Alkaloids  and  Ptomains.    Chiefly  derivatives  of  pyridin  and  quinolin. 

Proteins.    Phosphines    (alkyl  substitution  products  of  PH3).    Arsinea 
(same  of  A82O8).    Stibines  (same  of  Sb203). 

The  arrangement  of  isomeric  phenyl  derivatives  in  ortho 
(1  and  2),  meta  («1  and  3)^  and  para  (1  and  4)  componnds  is 
shown  below  [CeH4(H0)2]>  Dihydroxy-benzene : — 

Pyrocatechin.  Besorcin.  Hydroquhione. 

HO  HO  HO 

HO 


Where  there  are  three  atoms  or  radicals  substituted  for  H 
in  benzene,  the  arrangement  1-2-3  is  termed  consecutive  or  adja- 
cent ;  1-2-4,  uns}Tnmetric ;  and  1-3-5,  symmetric.  Alpha  com- 
pounds have  the  arrangement  1-4 ;  beta,  2-3-5-6. 


ALETL,  OB  ETHEBEAL  SALTS. 

CI  and  Br  can  act  directly  on  hydrocarbons,  replacing  H; 
I  acts  indirectly.  The  halogen  derivatives  comprise  many  gen- 
eral and  local  anesthetics.  They  have  a  sweet,  ethereal  odor 
and  taste,  and  are  more  or  less  volatile  and  soluble  in  alcohol 


ALKYL,  OE  ETHEREAL  SALTS. 
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I 


I 


and  ether,  and  generally  insoluble  in  H2O.  They  are  liable  to 
decompose  in  the  light,  setting  free  the  haJogen,  In  other  re- 
spects they  are  Etable. 

Methyl  chlorid,  CHgCi,  13  prepared  by  heating  CH3HO 
with  a  mixture  of  NaCl  and  H2SO4.  CH4  and  CI  unite  in  Bun- 
ligbt  to  form  CH3CI.  It  is  a  colorless,  combustible  gas,  liquefy- 
ing at  22°  or  with  5  atmoBpherea'  pressure.  In  the  liquid  form 
it  is  used  as  a  refrigerant  local  anesthetic. 

Ethyl  chlorid,  C2H6CI,  is  a  colorless  liquid  used  as  a  local 
and  general  anesthetic.  Its  solution  in  alcohol  is  known  as 
chloric  ether. 

Ethyl  bromid  is  a  heavy,  colorless  liquid,  boiling  at  39°,     It 

has  been  used  as  a  general  anesthetic.     Ethylene  bromid,  CsH^- 

Bra,  is  quite  poisonous.     It  is  decomposed  quantitatively  when 

■   heated  with  Za  and  a  little  water,  forming  ZnBr2  and  Cz^t 

(bums  with  smoky  flaine). 

By  far  the  most  important  halogen  derivative  is  chloroform 
(trichlormethane),  CHCI3.  It  is  prepared  by  the  action  of  chlo- 
rinated lime  on  ordinary  alcohol  or  acetone  or  (the  purest)  from 
chloral. 

Ezperlmeat. — Make  CllClg  hj  mixing  in  a  test-tube  retort  chlorin- 
ated lime  with  14  **  mucli  acetone  and  3  times  as  much  HjO,  and  then 
diitilling  on  the  watei-bath  into  a  beaker.  The  chloroform  collecta  aa  a 
heavj.  oil^  liquid  nt  the  bottom  of  the  beaker,  and  is  separated  and 
Wiuhi>d  with  HgSO^,  treated  nilh  Ma^COs,  and  redistilled  over  CaO, 

ZCgUoO  -I-  3CaOjCla=2CHCl3  -|-  2Ca(HO)2  -|-  CalCBHsOjJa 

Chloroform  is  a  limpid,  caustic  liquid;  sp,  gr.,  1.49;  b.p., 
60°.  It  tends  to  decompose  in  light  or  heat,  setting  free  CI, 
formic  acid  and  HCl  and  the  poisonous  compound  carbonyl 
fhlorid,  COCI2-  Pure  CHCI3  evaporates  without  residue,  is 
neutral  to  litmus,  and  gives  no  ppt.  with  AgN~03  nor  darkens 
with  KHO  or  H2SO4,  One-half  to  1  per  cent,  alcohol  is  allow- 
able, and  renders  CHCI3  more  stable. 

Ezpertmeot. — Test  some  of  the  prepared  CHCt>,  by  beating  with  a 
ilr.ip  each  of  alcoholic  solution  KHO  and  anilin.  The  olTensive  odor  of 
phrayl-carhylamin.  or  isohenui-nitril,  CqUqNC,  is  produced-  The  teat 
■hows  1  part  in  6000. 

Test  another  portion  by  boiling  with  a  tew  drops  of  KHO  and  a 
tngmBnt  of  reaorcin,  getting  an  intense  red  coloration  of  rosolic  acid, 
ahowing  a  brilliant  g^een  Huorescence  on  diluting  with  HoO.  Chloral 
shows  both  of  these  reaHions,  hut  has  a  different  odor.  Paper  dipped 
in  CBC'la  burns  with  a  green  mantle,  and  HCl  is  given  ofT. 

tin  warming  chloroform  with  a-  or  p.  naphtbol  in  strong  KHO 
tolntim.  a  blue  color  appears,  turning  green  and  llnally  brown. 

CIICI3  ia  a  good  solvent  for  J,  P,  reains,  camphor,  alka- 
loids, caoutchouc,  and  fatsi,  but  its  chief  use  is  as  an  anesthetic, 
for  which  purpose  it  should  always  be  administered  with  plenty 
of  air  or  0.  Four  per  cent,  is  the  limit  of  safety.  Owing  to  ite 
fajf^fa  b.p.,  it  is  easy  to  supersaturate  the  blood  and  cause  death 
from  inhalation. 
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Chloroform  enters  into  loose  combination  with  the  lecithin 
of  the  red  cells  and  the  brain,  causing  slight  coagulation  of  the 
protoplasm  of  the  ganglion  cells. 

It  is  eliminated  chiefly  as  chlorids  by  the  kidneys.  In  con- 
tact with  a  naked  flame  CIICls  vapor  evolves  free  CI  and  HCl, 
which  excite  laryngeal  and  pulmonary  congestion  and  inflamma- 
tion. The  spirit  is  6  per  cent,  in  strength  by  volume.  The 
water  is  a  weak,  but  saturated,  solution  prepared  by  shaking. 
CCI4  is  used  as  a  cleansing  agent  and  solvent  under  the  trade 
names  carbona,  pyranzine  or  eradeline. 

Iodoform  (triiodo-methane),  CHI3,  is  prepared  by  the 
action  of  I  on  alcoliol  or  acetone  in  the  presence  of  alkalies. 
It  appears  in  microscopic,  light-yellow  hexagonal  crystals  with 
strong  safTrony  odor.  It  sublimes  readily,  and  melts  at  119®. 
It  is  soluble  in  oils,  alcohol,  ether,  and  CHCI3.  Its  antiseptic 
efi!ect  depends  on  the  liberation  of  I  (of  which  it  contains  96 
per  cent.)  in  presence  of  moisture. 

Experiment. — Make  CHT3  by  dropping  a  few  crystals  of  I  into  quite 
dilute  alcoliol  and  then  adding  KHO  drop  by  drop,  warming  gently,  till 
the  red  color  just  disappears.  When  sediment  has  settled,  examine  crys- 
tals under  microscope.  On  a  large  scale  K2CO3  with  heat  is  employed  in- 
stead of  KHO. 

C2H5HO  +  4I2  +  6KH0  =  CHI3  4-  KCHO2  +  5KH-  6H2O 

Bromofonn,  CHBro,  is  a  colorless  liquid  (sp.  gr.,  2.8),  pre- 
pared similarly  to  CHI3.  It  resembles  CHCI3  and  is  used  as  a 
sedative,  particularly  in  coughs.  There  are  300  drops  (60 
minims)  in  a  fluidram  of  CIIBr3. 

ALCOHOLS. 

These  are  hydrates  of  hydrocarbon  radicals.  Organic  hy- 
droxids  arc  distinguished  by  the  suffix  ol;  as  methanol.  Accord- 
ing to  the  number  of  HO  groups,  they  are  termed  monatomic 
(monohydric),  diatomic  (glycols),  triatomic  (glycerols),  etc., 
up  to  nonatomic.  They  are  also  classified  as  primary,  secondary 
(carbinols),  and  tertiary,  each  being  characterized  by  the  funda- 
mental group  (Cno.OH)S  (CH.OH)",  and  (C.OH)™,  respect- 
ively. The  lower  members  are  liquids,  th6  higher  solids.  Alco- 
hols arc  readily  oxidized:  primary  to  aldehyds  and  monobasic 
acids,  secondary  to  ketones,  and  tertiary  to  simple  compounds : — 

CH^j.OII  +  0  =  IIoO  -I-  COH        COH  +  0  =  COOH 

Cll.Oil  +  0  =  H2O  +  CO 

Treated  with  an  acid,  alcohols  form  ethereal  salts  and  water. 
Treated  with  a  base,  thoy  yield  a  salt  of  tlie  base  and  free  H : — 

CglloHO  +  KOH  =  KC2H3O2  +  2H2 

Alcohols  are  neutral,  but  it  is  possible  to  replace  the  H  of 
HO  with  a  metal,  forming  alcoholates,  such  as  CaHsGNa.    Pri- 
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mary   monatomic  alcohols   are  the  most   important^   and   are 
derived  from  the  saturated  hydrocarbons  of  the  first  series. 

Metliyl  alcohol  (carbinol,  wood-spirit),  CII3HO,  is  present 
in  the  oil  of  wintergreen,  but  is  prepared  chiefly  by  the  destruc- 
tive distillation  of  wood  and  as  a  by-product  in  beet-sugar 
manufacture.  Its  sp.  gr.,  is  0.8;  b.p.,  66**.  It  mixes  with  1X20 
in  all  proportions.  Its  vapor  is  explosive.  CH3HO  is  a  solvent 
for  fats,  oils,  camphor,  and  resins,  and  is  used  in  the  manu- 
facture of  varnishes  and  organic  dyes,  for  heating  purposes,  and 
in  tlie  preparation  of  methylated  spirit  (90  per  cent,  raw  spirit, 
10  per  cent,  wood  spirit — denaturized  grain  alcohol  for  industrial 
purposes,  to  avoid  tax — contains  also  0.5  per  cent,  benzin).  The 
disagreeable  odor  and  taste  of  commercial  CII3HO  are  due  t(^ 
tarry  impurities,  aldehyd,  acetone,  etc. 

Test  for  Methyl  Hydrate. — Warm  a  few  c.c.  of  distillate  with 
K2rr207  and  H2SO4,  neutralize  with  CaCOa,  add  Pb  (0211302)2,  filter 
and  test  filtrate  for  formic  acid  by  warming  with  ammoniacal  AgNOa, 
getting  a  silver  mirror. 

Test  for  Wood  Alcohol  in  Dilute  Liquids. — Heat  a  spiral  Cu  wire 
to  bright-red  heat,  and  plunge  into  a  small  quantity  of  the  liquid  at 
least  six  times.  Add  one  drop  of  0.5  per  cent,  aqueous  solution  of  re- 
«orcin,  and  pour  carefully  onto  cone.  H2SO4.  A  rose-red  zone  at  the 
junction  of  the  two  liquids  ( formaldehyd ) ,  with  scanty  white  or  pinkish 
coagiilum  above  this  zone,  rising  in  purplish  flecks,  shows  a  positive 
reaction. 

The  official  alcohol  is  ethyl  hydrate,  CoIIsIIO  (methyl  car- 
binol, CH3.CH2HO).  It  occurs  in  diabetic  urine,  and  is  formed 
bv  alcoholic  fermentation  of  maltose  ("mash")  or  glucoses: 
CcHioOc  =  2C2H5HO  +  2CO2.  There  is  also  formed  about 
3  per  cent,  of  glycerin,  0.6  per  cent,  succinic  acid  and  0.4  per 
cent,  of  higher  alcohols.  The  fermented  product  is  purified  by 
distillation  over  dehydrating  agents,  siich  as  CaCl2,  CaO,  CUSO4, 
charcoal,  or  wood-ashes.  Absolute  alcohol  contains  less  than  0.5 
per  cent.  HoO.  It  boils  at  78.5°  and  freezes  at  —  130°.  It^: 
sp.  gr.  is  0.TD37.  Absolute  alcohol  is  a  transparent  mobile  liquid, 
very  hygroscopic;  hence  it  dehydrates  tissues  and  is  used  lo 
hartlt-n  histologic  and  pathologic  specimens  for  the  microtome. 
For  the  same  reason  it  is  antiseptic,  ])reventing  decay  and  coag- 
ulating albumin.  Alcohol  is  a  good  solvent  for  resins,  alkaloids, 
and  volatile  oils.  It  burns  with  a  non-luminous  llanie.  Onli- 
nar}'  alcohol  (sp.  gr.,  0.82)  is  94.9-per-cent.  strength  by  volume : 
the  dilute  (sp.  gr.,  0.928),  48.9  by  volume,  41  per  cent,  by  weight. 
Ali^>li<>l  and  dilute  alcohol  are  used  as  menstrua  tor  l)oth  extracts 
and  lluide.xtrncts. 

Experiment. — Show  that  ordinary  alooliol  contains  HoO  by  ailding 
to  it  some  white  anhydrous  CUSO4.     Explain  color-cliango. 

Test  for  CoHnHO.— Mix  with  drj-  XallO  and  a  fi-w  drojis  of  CS.,. 
Allow  excess  of  latter  to  evaporate,  and  add  a  drop  of  noutral,  aq\i<>()ii.s 
(NH4)2^IoC)4;  then  acidulate  with  li2S(>4.  A  wino-rcd  color  results. 
Teitt  is  rendered  negative  by  presence  of  sugar. 

15 
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Alcohol  is  a  stimulant  in  small  doses^  and  depressant  and 
narcotic  in  large.  In  the  system  it  is  burned  partly  (l^/^  or 
2  oz.  daily)  into  COo  and  H2O,  the  remainder  passing  off  un- 
changed. In  spite  of  this  fuel  action,  it  is  not  strictly  a  food. 
It  causes  accumulation  of  fat  through  decrease  of  activity  and 
is  not  stored  in  the  body.  It  causes  the  dissolution  of  chromo- 
philic  nerve-cells.  Alcohols  are  not  dissociated  in  the  body,  as 
are  the  mineral  hydroxids.  Alcohol  is  a  local  irritant  and,  prop- 
erly diluted,  may  quicken  the  healing  of  sluggish  sores  as  well 
as  prevent  the  formation  of  bed-sores.  Tincture  of  arnica  and 
the  distilled  extract  of  witchhazel  owe  what  good  effects  they 
may  exert  almost  entirely  to  the  contained  alcohol. 

Experiment. — ^Make  C2HJ5HO  by  adding  a  little  brewers'  yeast  to 
a  solution  of  5  gm.  commercial  glucose  in  200  c.c.  H2O.  Let  the  flask 
stand  in  a  warm  place  for  a  day,  then  distill  and  collect  a  few  c.c.  of 
the  liquid.  Test  distillate  by  adding  half  as  much  H2SO4  and  an  equal 
volume  of  K2Cr207  solution.  Aldchyd  is  formed  and  is  recognized  by  its 
peculiar  odor;  the  liquid  turns  green  by  formation  of  Cr2( 804)3.  The 
iodoform  test,  already  described,  may  also  be  employed. 

Alcoholic  liquors  are  classified  as  malt-products,  wines,  and 
spirits.  Malt-liquors  include  beer,  ale,  stout,  and  porter.  These 
are  formed  by  diastatic  and  alcoholic  fermentation  of  malted 
barley.  The  ferment  diastase  in  the  grain  on  warming  develops 
dextrin  and  maltose,  as  the  grain  sprouts;  further  growth  is 
stopped  (in  2  or  3  weeks)  by  heating  the  grain  on  the  floor  of 
the  malt-kiln,  the  degree  of  heat  used  corresponding  with  the 
depth  of  color  required ;  the  malt  is  next  bruised  in  hot  water  in 
the  "mash-tun^* ;  the  liquid  is  now  boiled  and  the  bitter  principle 
added ;  then  yeast  is  added  to  the  cooled  "wort"  to  set  up  alco- 
holic fermentation.  These  malt-liquors  contain  2  to  8  per  cent, 
of  alcohol  (beer  weakest,  ale  strongest) ;  also  CO2  and  malt- 
sugar.  Hops  are  added  to  beer  as  a  preservative,  and  glycerin  to 
cause  foam.     Hard  cider  contains  about  5  per  cent,  of  alcohol. 

Mead,  rootbeer  and  spruce  beer  contain  up  to  1  per  cent. 
alcohol.  The  dark  color  of  porter  is  due  to  caramel  or  assamar. 
Beer  and  stout  contain  2  to  5  per  cent,  of  dextrin.  Sake  is  a 
Japanese  drink  made  by  fermenting  rice. 

Experiment. — To  find  the  percentage  of  alcohol  in  beer,  or  other 
liquor,  take  sp.  gr.  with  picnometer,  place  100  c.c.  in  an  evaporating- 
dish  and  drive  off  rather  more  than  half  the  amount;  make  up  to 
original  volume  with  water,  and  take  sp.  gr.  again  at  the  same  tempera- 
ture  as  before.  The  orif^inal  sp.  gr.  divided  by  this  latter  equals  the 
sp.  gr.  of  alcohol  expelled,  and  from  this,  by  reference  to  tables,  th<^ 
percentage  of  alcohol  is  found. 

Winos  are  prepared  from  grapes  fermented  by  the  action 
of  a  living  ferment  always  present  on  grape-stalks  and  in  the 
air.  If  only  the  must  or  grape-juice  is  used  a  white  wine 
(official,  10  to  14  per  cent.)  results;  if  the  marc,  or  skins  and 
seeds,  is  included,  a  red  wine  (same  strength  as  white).  The 
"ripening'^  of  wine  in  casks  takes  from  two  to  eight  years. 


ALCOHOLS. 


Champagne  and  other  effervescing  wines  are  bottled  before 
formentation  is  qiiite  complete,  with  addition  of  alcohol  and 
cane;BQgar.  The  alcoholic  strength  of  wines  varies  from  5  per 
cent,  for  light  Rhine  to  18-35  per  cent,  in  sherry  and  port. 
These  strong  wines  are  fortified  by  addition  of  spirit  (prevents 
souring) . 

Wines  ordinarily  contain  no  more  than  16  per  cent,  alcohol, 
as  this  strength  inhibits  yeast  fermentation.  The  character  of 
wines  depends  largely  on  the  amount  of  albumin  present,  serving 
as  food  for  the  yeasts.  If  the  yeast  soon  ceases  action,  we  have  a 
Bweet  wine  (4  per  cent,  sugar) ;  if  it  converts  nearly  or  all  the 
sugar,  a  dry  or  acid  wine.  Dry  champagne  (9-12  per  cent,  alco- 
bol)  has  8  per  cent,  sugar  added;  sweet  champagne,  16  per  cent. 
The  body  of  wines  depends  on  alcohol  and  extractives  (gums  and 
pectins).  Bordeaux  and  Burgundy  have  much  body.  The 
bouquet  of  wines  is  due  to  a  combination  of  ethers,  chietly 
enantliic  (heptyl)  ether.  Bough  wines  contain  little  alcohol, 
but  considerable  tannin. 

Fining  consists  in  the  addition  of  egg  albumen,  isinglass  or 
other  gelatinous  matter,  to  drag  down  suspended  particles  and  so 
dwify  the  liquid.  GallLzing  wines  consists  in  diluting  the  must 
to  reduce  acidity  to  a  given  standard,  and  adding  sugar  to  insure 
proper  alcoholic  strength.  Chaptaliring  consists  in  neutralizing 
the  acidity  of  must  with  marble  dust  and  cane-sugar  or  glucose; 
it  increases  the  yield  of  alcohol.  Plastering  wines  decomposes 
KHC4H4O6  in  the  must  and  throws  down  phosphates: — 
iKSCtUtOd  +  CaSOi  =  K2SO4  +  CaCiUiO^  -f  HaCiH^Og 
The  acids  (tartaric,  malic,  tnnnjc)  in  wine  rarely  exceed  0.5  per 
cent.  The  tartrnie  of  Ca  falls  down  and  carries  with  it  albumen 
and  suspended  impurities.  The  tartaric  acid  makes  the  wine 
redder  and  increases  free  acidity,  facilitating  the  production  of 
ethers  later  on. 

Spirits  are  liquors  distilled  from  grains,  potatoes,  beets, 
rice,  etc.,  that  have  been  mixed  with  malt  and  then  yeast. 
Bnndv,  or  cognac,  is  produced  by  distillation  of  wines ;  rum 
from  fermented  cane-molasses  and  other  waste  products  of  sugar 
manufacture;  whisky  from  corn,  rye,  barley,  and  potatoes; 
UTsck  and  shochu  from  fermented  rice;  pulque,  or  mescal,  from 
the  maguey.  Gin  is  common  grain-spirit  distilled  with  juniper 
Lerries.  Bay-rum  is  prepared  by  distilling  rum  with  leaves  of 
Jlyrcia  acris  and  other  plants. 

Spirits  derive  some  color  from  the  containing  casks,  and  are 
etimes  colored  with  caramel.  The  characteristic  taste  of 
1  brandy  is  due  to  a  volatile  oil.  Oin  may  be  flavored  with 
mond,  angelica,  calamus,  cardamom,  cassia,  cinnamon,  cori- 
ander, orange  peel,  orris  root  or  sweet  fennel.  Irish  whisky  is 
made  from  a  mixture  of  malt  and  unnialted  grain.  The  charac- 
temtic  smoky  taste  of  Scotch  whisky  depends  on  drying  the 
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malt  over  a  peat  fire.  Whisky  has  50  to  58  per  cent,  alcohol  by 
volume;  brandy,  46  to  55  per  cent.;  gin,  usually  15  to  20  per 
cent.  Distilled,  or  "raw,  spirit^'  (about  14  per  cent.)  is  con- 
centrated and  rectified  by  charcoal  filtration  and  redistillation  to 
84  per  cent.,  by  weight  ("spirit  of  wine").  The  most  concen- 
trated alcohol  by  simple  distillation  is  91  per  cent,  by  weight,  94 
per  cent,  by  volume.  Alcohol imetry,  the  testing  of  strength  of 
alcohols,  is  based  upon  sp.  gr.  tables. 

Liqueurs,  or  cordials,  are  manufactured  of  alcohol  (40  per 
cent.),  sugar  (25  per  cent.),  essential  oils  (wormwood  and  star 
anise  in  absinthe)  and  vegetable  or  coal-tar  coloring  matters. 
Vermuth  is  a  fortified  white  wine  infusion  of  herbs  and  other 
vegetables,  and  contains  oil  of  wormwood.  Sparkling  wines  are 
flavored  with  liqueurs.  Old  sherry  and  cognac  contain  a  very 
large  proportion  of  volatile  ethers ;  hence  stimulatinff. 

The  oily  liquid,  amyl  alcohol  [C5H11HO],  is  the  chief  in- 
gredient of  fusel  oil,  a  mixture  of  higher  homologues  present 
largely  in  raw  spirit  and  separated  by  fractional  distillation, 
C2II5HO  distilling  over  at  a  lower  temperature.  The  bad  taste 
and  intoxicating  effects  of  poor  quality  ardent  spirits  are  due, 
in  great  measure,  to  fusel  oil,  on  which  also  depends  the  odor 
of  spirits  in  the  breath.  Alcohol  containing  fusel  oil  darkens 
on  shaking  with  H2SO4.  Pyronic  aldehyd,  or  furfurol,  is  a  con- 
vulsant  poison  present  in  vermuth  and  bittew  and  fresh  spirit. 

The  tertiary  isomer  of  amyl  alcohol,  amylene  hydrate 
[dimethyl-ethyl-carbinol,  (CH3)2.C0H.C2H5]  is  a  colorless, 
oily  liquid,  soluble  in  water  and  in  alcohol,  and  used  as  an 
hypnotic.  The  higher  monatomic  alcohols  are  fatty  and  waxy 
solids.  Cholesteric  alcohol,  C27H45HO,  is  the  only  free  alcohol 
normally  present  in  the  human  body.  It  is  the  principal  in- 
gredient of  gall-stones.  Oil  of  rose  is  a  mixture  of  two  alcohols, 
C10H17HO  and  C10H19HO. 

The  primary  diatomic  alcohols,  or  glycols,  are  derived  from 
olefins,  and  arc  of  no  practical  interest.  They  are  sweet,  syrupy 
liquids.     The  simplest  one  is  glycol: — 

CH2— OH 
CHg— OH 

A  sweet  taste  is  common  to  glycols  and  other  alcohols  containing 
many  Oil  groups.  On  oxidation  glycols  yield  lactic  or  oxalic 
acid. 

The  primary  triatomic  alcohols,  or  glycerins,  are  of  great 
interest  and  importance.  Ordinary  glycerin,  or  propyl  hydrate 
I  03115(110)3],  occurs  very  abundantly  in  Nature,  making  up, 
in  conjunction  with  fatty  acids,  the  bulk  of  vegetable  and  ani- 
mal fats  and  oils,  from  which  it  is  liberated  by  treating  with 
alkalies.  It  is  a  by-product  in  alcoholic  fermentation  and  in 
the  manufacture  of  soap  and  stearic  acid.    It  is  also  produced  on 
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a  large  scale  by  passing  steam  at  120-150  pounds  pressure 
through  fats  in  copper  digesters. 

The  sp.  gr.  of  glycerin  is  1.25 ;  it  freezes  at  —  40°  and  boils 
at  290**.  It  is  very  hygroscopic,  absorbing  twice  its  volume  of 
IfoO,  and  thus  depleting  congested  tissues.  Glycerin  is  insoluble 
except  in  alcohol  and  water.  It  is  an  excellent  solvent  for  I,  Br, 
starch,  carbolic  acid,  alum,  borax,  and  tannin,  such  solutions 
being  often  termed  glycerites.  The  purest  glycerin  contains  G 
to  8  per  cent,  of  H2O. 

In  some  respects  it  is  preferable  to  syrups  as  a  sweetening 
agent,  since  it  does  not  ferment.  It  is  also  an  excellent  ex- 
cipient  for  fluid  extracts.  Plasmas  are  non-fatty  ointment  sub- 
stitutes or  paints  consisting  principally  of  glycerin  and  water 
thickened  into  a  gelatinous  mass  with  starch,  gelatin,  isinglass, 
and  other  agents.  Most  medicated  gauzes  and  cottons  contain 
a  small  quantity  of  glycerin  or  oil  and  resin  to  keep  them  soft 
and  promote  the  action  of  the  medicinal  agents.  The  "soft 
gelatin"  capsules  for  liquids  contain  glycerin.  When  glycerin 
is  used  as  a  protective  (chapped  hands,  etc.),  it  should  be  diluted 
(4  parts  water)  to  the  sp.  gr.  of  blood-serum.        ^ 

Boroglycerin,  C3H5BO3,  is  made  by  heating  H3BO3  with 
one  and  one-half  times  as  much  glycerin.  It  is  used  ns  an 
antiseptic. 

Experiment. — ^I'est  for  glycerin  with  borax  bead.  The  green  flame 
is  due  to  free  boric  acid: — 

C3H5  ( HO)  8  +  Na2B407  =  H3BO3  +  2NaB0o  +  C3H5BO3 

On  heating  glycerin  with  KHSO4  cr}'stals,  the  character- 
istic irritating  odor  of  acrolein  (C3H4O)  is  evolved.  This  test 
also  applies  to  neutral  fats,  but  not  to  fatty  acids  or  soaps. 

Glycerophosphoric  acid  is  a  yellow,  syrupy  liquid  prepared 
by  mixing  1  part  of  H3PO4  with  1VL»  parts  of  glycerin,  and 
gradually  heating  to  190°.  Both  the  acid  and  its  salts  are  used 
as  nervine  remedies  and  to  aid  nutrition. 

The  hexatomic  alcohols — mannito,  dulcite,  and  sorbite — 
have  the  formula  C6Hi20fi.  The  first  is  derived  from  nianna- 
ash,  the  second  from  Madagascar  manna,  and  the  third  from 
the  berries  of  the  mountain-ash.  They  resemble  sugar  in  taste, 
but  do  not  ferment  or  reduce  metiillic  solutions.  Aromatic 
alcohols  are  reallv  methane  derivatives  in  which  the  IT  of  tlie 
hydrocarbon  residue  has  been  replaced  by  Coll-,.  Both  fatty  and 
aromatic  alcohols  can  be  produced  by  reducing  the  correspond  in  cr 
aldehyds  or  by  heating  halogen  derivatives  with  II^O  or  weak- 
alkalies. 

ETHEES. 

Simple  ethers  are  oxids  of  hydrocarbnn  radicals;  if  iho 
radicals  are  unlike,  the  ether  is  termed  mixed.     A  compound 
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ether,  or  ester,  is  produced  by  replacing  H  of  an  acid  by  a  hydro- 
carbon radical ;  in  other  words,  a  salt  of  an  alkyl  radical.  Ethers 
are  generally  formed  by  the  dehydrating  action  on  alcohols  of 
H2SO4  or  by  combination  of  other  acids  with  alcohols.  The 
compound  ethers  have  usually  a  pleasant  and  refreshing  odor. 
They  give  the  bouquet  or  flavor  to  alcoholic  liquors,  where  they 
are  generated  by  age,  and  they  are  the  chief  constituents  of 
fats  and  fixed  oils,  beeswax  (melyssyl  palmitate),  and  spermaceti 
(cetyl  palmitate).  Beeswax  (cera  flava)  is  bleached  (cera  alba) 
by  exposure  to  light  and  air  or  by  the  use  of  H2O2.  It  is  used 
in  candles.  All  ethers  are  neutral.  The  lower  members  are 
volatile  liquids;  the  higher,  non-volatile  solids.  Esters  are 
decomposed  by  alkalies,  which  combine  with  the  acid  radical, 
setting  free  the  alcohol.  Artificial  fruit-flavors  consist  chiefly  of 
butyrates,  acetates,  and  salicylates  of  ethyl,  methyl,  and  amyl  in 
glycerin  and  water.  The  odor  of  senega  is  due  to  methyl 
valerate. 

Ordinary  ether  is  ethyl  oxid  [(C2H5)20],  sometimes  called 
sulphuric  ctlier  because  H2SO4  is  used  in  its  manufacture. 

Experiment. — ^Aiake  ether  by  mixing  in  a  flask  10  c.c.  of  alcohol, 
5  c.c.  of  H2SO4,  and,  after  cooling,  distilling  over  the  ether  at  about 
140°  into  a  stoppered  bottle.  Take  great  care  not  to  bring  the  vapors 
into  contact  with  the  flame. 

C2H5HO  +  H2SO4  =  C2H5HSO4    (sulphovinic  acid)-fH20 
C2H6HSO4  +  CgHgHO^  (C2H5)20  -h  H2SO4 

On  a  large  scale  the  process  is  made  continuous  by  aUowing  alcohol  to 
flow  into  the  flask  at  the  same  rate  as  distillation.  The  product  is  puri- 
fied by  mixing  with  oxid  and  chlorid  of  Ca,  pouring  off  the  clear  liquid 
after  settling,  and  distilling. 

The  official  ether  contains  96  per  cent,  of  (C2H5)20  and  4 
per  cent,  of  C2H5HO.  It  is  a  colorless,  mobile,  and  very  vola- 
tile liquid,  with  characteristic  odor,  burning  taste,  and  neutral 
reaction;  sp.  gr.,  0.726;  b.p.,  37°.  It  is  soluble  in  10  volumes 
of  H2O  and  in  alcohol,  chloroform,  petroleum  liquids,  and  fixed 
and  volatile  oils,  and  is  itself  a  good  solvent  for  fats,  fixed  oils, 
and  gun-cotton  (collodion).  It  bums  readily  with  a  luminous 
flame,  and  gives  off  a  combustible  vapor. 

Experiment. — Show  inflammability  of  ether  by  applying  a  flame  to 
a  dram  of  it  in  a  dish.    Mote  the  initial  explosion  and  rapid  combustion. 

Ether  vapor  reduces  K2Cr207  to  green  chromium  sulphate 
— best  done  with  filter-paper. 

Ether  is  used  bv  inhalation  as  a  general  anesthetic^  being 
less  depressing,  but  more  irritating,  than  CHCI3.  Ether  and 
chloroform  are  absorbed  and  excreted  almost  wholly  by  the  lungs, 
according  to  the  ordinary  physic  laws  of  absorption  of  gases  by 
fluids.  The  greater  the  concentration  of  vapor  in  the  lungs,  the 
more  is  absorbed  into  the  blood,  and  overconcentration  at  any 
time,  rather  than  the  total  amount  inhaled,  may  give  rise  to 
dangerous  symptoms. 


Tflit  for  Parity  of  Ether. — Water  is  detected  by  turbidity  when 
Bhak«a,with  an  equal  volume  oF  CSj;  alcotiol  by  Blieking  with  amlin- 
[inlet,  which  colors  ether  containtog  alcohol. 

The  Bpirit  and  corapoimd  spirit  of  ether  consist  of  about  1 
part  of  ether  and  2  parts  of  alcohol;  the  intter  spirit  contains 
2I2  per  cent,  of  ethereal  oil,  which  is  a  mixture  of  equal  vol- 
umes of  ethyl  sulphate  (heavy  oil  of  wine)  and  ether. 

Acetic  ether,  C2H6,C2H302,  is  a  colorless,  mobile  liquid  of 
a  plrnsiat,  acetous,  and  fruity  odor  and  generally  soluble. 

Bzperlment. — Prepare  ethjl  acetate  by  warming  aleohol  with  half 
OM  much  again  each  of  H2SO4  and  NaCaH^On.  Note  odor  and  write 
equation. 

Jlcthyl  salicylate,  CH,i.C7H50g,  is  identic  with  oil  of  betula 
and  the  essential  constituent  of  oil  of  winterirreen.  It  is  present 
in  senega  root.  It  is  prepared  by  distilUnp  a  mixture  of  methyl 
alcohol,  salicylic  acid,  and  Ha'SOi.  Aniaol,  CcHs.CHgO,  is 
also  found  tn  oleum  gaul  the  rise. 

Nitrous  ether,  C2H-1.NO2.  is  made  by  distilling  a  mixture 
of  CeHsHO,  H2SO4,  and  NaNOa-  Sweet  spirit  of  niter  con- 
tains 4  paria  of  this  ether  with  96  of  alcohol. 

Nitroglycerin  (pyroglycerin)  [C3ll5(N03)])]  is  prepared 
from  glycerin  and  sulphuric  and  nitric  acids.  It  is  a  yellow 
liquid,  slightly  soluble  in  alcohol;  the  1-per-cent.  solution  is 
known  aa  spirit  of  glonoin.  Nitroglycerin  is  very  explosive  when 
struck  or  heated  to  357°.  The  products  of  such  an  explosion  are 
shown  by  the  following  equation : — 

4r3H5{N0s)3  =  12CO2  -I-  IOII2O  +  6N2  +  O2 
These  four  gases  occupy  a  space  about  18,000  times  as  great 
as  that  o[  the  original  explosive.  When  used  for  this  purpose 
it  is  generally  mixed  with  some  dry,  inert  powder  (charcoal, 
silica,  and  sawdust)  and  sold  as  dynamite,  or  giant  powder  (75 
ng.,  SoSiOa). 

Amy]  nitrite,  CsHijNO;,  is  prepared  in  the  same  way  as 
ethyl  nitrite,  except  that  ainyl  alcohol  is  used  in  place  of  ethyl 
alcohol.  It  is  a  pale-yellow  liquid,  with  the  strong,  peculiar 
odor  of  amyl  compounds,  and  is  used  by  inhalation  aa  a  quick 
stimulant. 

Amyl  acetate,  CsHu-CjHsOa  ("essence  of  pear"),  is  nsed 
by  confectioners  aa  a  flavoring  agent. 

Salol,  or  phenyl  salicylate,  CeHn.CjHriOa,  is  prepared  by 
heating  salicylic  acid  in  an  atmosphere  of  COj,  wherel>y  it  loses 
UjO  and  CO2-  It  occurs  in  white,  faintly  aromatic  crystals, 
generally  soluble  except  in  water.  Taken  internally,  it  is 
broken  up  in  tlie  duodenum  into  phenol  and  salicylate.  The 
Mine  change  takes  place  when  salol  is  combined  with  caustic 
hydroxids, 

Sxperlment. — Dissolve  a  little  Balol  by  warming  with  liquor  po- 
Umm.  Add  pxreafl  of  BCl,  and  note  odor  of  phenol  and  ppt.  of  salicylic 
»cld  in  Bilky  needlua. 
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The  depilatory,  sodium  ethylate,  NaC2H50,  is  decomposed 
by  water  into  alcohol  and  caustic  soda. 

AIDEHYBS. 

These  compounds  are  formed,  as  the  name  suggests,  by 
dehydrogenation  of  alcohols,  usually  by  oxidation;  for  exam- 
ple, C2H5HO  —  Ho  =  CH3COH  (ethyl  aldehyd).  The  group 
con  is  characteristic  of  all  aldehyds.  They  are  intermediate 
between  alcohols  and  acids,  and  are  strong  reducing  agents. 

Schlff'8  Beaction. — A  pink  solution  of  fuchsin  almost  decolorized 
with  H2SO3,  turns  pink  or  violet  after  adding  a  few  drops  of  any 
aldehyd  solution,  or  on  exposure  on  filter-paper  to  gas.  This  test  is 
not  distinctive. 

Foniialdehyd  (methyl  aldehyd),  IICOH,  is  obtained  by 
passing  air  and  vapoi-s  of  CII3HO  over  a  heated  spiral  of  Pt 
or  Cu : — 

CH3HO  +  0  =  H.COH  +  H2O 

It  is  a  colorless  gas  with  a  pungent  odor.  A  40-per-cent.  solu- 
tion in  II2O  is  known  as  formalin,  and  is  largely  used  for  gen- 
eral antisepsis  in  Vi"  to  2-per-oent.  solution.  Its  affinity  for 
HoO  causes  it  to  act  as  an  escharotic  in  strong  solutions,  and 
accounts  for  its  value  in  sterilizing  catgut  and  hardening  ana- 
tomic specimens.     It  is  the  basis  of  many  embalming  fluids. 

Paraformaldehyd,  (HCOH)^,  is  the  triple  polymer  of  for- 
maldehyd,  produced  by  slow  evaporation  of  the  latter  in  CH3- 
110.  It  is  a  crystalline  solid,  insoluble  in  H2O.  On  heating 
it  breaks  up  into  3  molecules  of  HCOH,  and  is  very  conyenient 
for  sterilizing  instruments  in  this  way. 

Acetic,  or  ethyl,  aldehyd,  CH3.COH,  is  ordinary  aldehyd, 
obtained  from  C2H5iE0  by  oxidation  with  K2Cr207  in  presence 
of  112804  :— 

4H0SO4  +  K2Cr207  +  C0H5HO  =  CHs.COH  + 
Cr2(S04)3  +  K2SO4  +  5H2O  -f  O2 

Experiment. — Place  in  a  large  flask  2  parts  of  K2Cr207  and  6  parts 
of  HoO.  and  then  pour  in  carefully  through  stopcock  funnel  a  mixture 
of  equal  parts  of  (?2Hr,H0  and  112804.  and  warm  gently.  Note  the  pecul- 
iar fraprnnce  of  aldehyd  evolved.  Now  adapt  a  cork  and  a  long,  bent 
glass  tiibc  and  distill  slowly  into  another  test-tube.  Boil  a  portion  of 
uiHtillate  with  KlIO  and  get  a  brown-yellow,  resinous  mass.  Let  the 
other  portion  stand  for  a  day  or  two,  when  it  will  be  found  acid,  and, 
on  neutralizin^if  with  Na^CO^,  boiling,  and  adding  H2SO4,  the  character- 
istic odor  of  acetic  acid  is  noted: — 

CH3.COH  +  O  =  CH3.COOH 

Paraldchyd  is  the  triple  polymer  of  aldehyd,  obtained  by 
adding  a  few  drops  of  cone.  H2SO4  to  aldehyd  and  crystallizing 
at  0°.  It  is  solid,  soluble  in  8.5  H2O,  and  used  as  an  hypnotic 
in  elixirs.     Metaldehyd  is  stereoisomeric,  and  liquefies  at  ICS**. 
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Tricliloraldehyd,  or  chloral,  CCI3.COII,  is  a  simple  substi- 
tution derivative  of  aldehyd,  prepared  by  saturating  cold  alco- 
hol with  CI  (forming  chloral  alcoholate),  then  wanning  to  the 
b.p.,  and,  after  cooling  and  shaking  with  H0SO4,  distilling  the 
lower  liquid  layer  at  94°  to  99°.  Chloral  is  a  colorless,  oily 
liquid  with  a  sharp  odor  and  acrid  taste.  Its  hydrate,  CCI3.- 
COH.HoO  is  a  valuable  hypnotic,  obtained  by  the  simple  addi- 
tion of  HoO.  Chloral  hydrate  appears  in  white  crystals,  soluble 
in  all  the  common  solvents.  It  liquefies  when  mixed  with 
stearoptens  or  phenol,  and  is  incompatible  with  alkalies.  Butyl 
chloral  hydrate  is  an  analogous  compound  derived  from  C4II9OII. 

Chloral  does  not  break  up  into  chloroform  in  the  blood,  but 
is  excreted  in  the  urine  in  combination  with  glycuronic  acid 
( urochloralic  acid).  Its  continued  use  leads  to  imperfect  oxida- 
tion (fatty  degeneration)  and  augmented  destruction  of  body 
proteids. 

Experiment. — Ueat  chloral  hydrate  with  KHO  and  note  odor  of 
chloroform. 

Benzaldehyd,  CeHs.COH,  is  the  oil  of  bitter  almond, 
fonned  by  decomposition  of  the  glucosid  amygdalin  through 
the  action  of  the  ferment  emulsin  in  presence  of  HoO.  It  is 
a  colorless,  oily  liquid  with  bitter,  burning  taste  and  character- 
istic aromatic  odor;  sp.  gr.,  1.045.  The  crude  oil  contains  IK'X. 
Aqua  amyg.  amarsB  has  1  part  of  the  oil  in  999  of  water.  Cin- 
namic  aldehyd,  CoHgO,  is  obtained  from  oil  of  cinnamon,  or  pre- 
pared synthetically.  It  is  a  colorless  liquid  with  a  characteristic 
odor  and  burning,  aromatic  taste;   sp.  gr.,  1.047. 

ACETALS. 

These  compounds  are  formed  by  union  of  alcohols  and  alde- 
hyds,  with  elimination  of  water.    !Mothylal  (fonnal) 

^'""\OCH, 

is  a  mobile,  colorless  liquid  of  aromatic  odor,  fnvly  niiscihlo 
with  solvents,  and  used  in  medicine  as  an  hypnotic.  Acctal 
(diethyl-acetal),  CeHi402,  is  similar  in  ])hysic  properties. 

KETONES. 

As  already  stated,  these  compounds  are  fornuMl  by  o\ illa- 
tion of  secondary  alcoliols,  and  are  characterizcMl  by  tlie  <iroiip 
CO".  Like  the  aldehyds,  they  are  neutral  and  tend  to  polym- 
erize, but  do  not  reduce  amnKmiacal  silver  s(^liitions  as  do  the 
former.     On  oxidation  they  split  into  two  a(  i<ls. 

The  only  important  ketone  is  acetone,  or  diniethyl-ketone, 
(CIl3)2C0.  It  is  often  present  in  distinct  quantity  in  diabetic 
urine,  and  is  a  product  of  the  distillation  of  carbohydrates.     It 


234  THE  CARBON  COMPOUNDS. 

is  prepared  technically  by  dry  distillation  of  Ca(C2H302)2>  the 
carbonate  remaining.  It  is  a  liquid  of  pleasant,  minty  odor 
and  sharp  taste,  soluble  in  water,  alcohol,  and  ether.  It  gives 
the  iodofonn  test,  the  same  as  alcohol.  Its  principal  uses  are 
as  a  solvent  for  resins  in  varnishes  and  as  a  source  of  CHCI3, 
CHI3,  sulphonal,  and  trional.  It  is  used  as  the  menstruum  in  the 
preparation  of  all  the  official  oleoresins,  except  cubeb,  in  which 
alcohol  is  employed.  Acetone  combines  with  two  molecules  of 
C2H5HO  to  form  ketol,  (CH3)2.C.(C2H50)2,  and  H2O.  Oil 
of  rue  is  chiefly  methyl-nonyl  ketone,  C9H19.CH3.CO. 

ORGANIC  ACIDS. 

Organic  acids  are  characterized  by  the  fundamental  group 
carboxyT,  COOH^,  replacing  H  in  hydrocarbons.  They  are 
monobasic,  dibasic,  or  tribasic  according  to  the  number  of  car- 
boxyl  groups.  By  replacing  H  of  CO  OH  with  metals  various 
salts  are  formed.  The  term  acid  radical  signifies  the  residue 
of  the  acid  left  after  subtracting  HO.  These  differ  from  alkyl 
or  alcohol  radicals  in  containing  0.  Acids  may  be  considered 
hydroxids  of  acid  radicals,  and  their  anhydrids  oxids  of  acid 
radicals.  The  organic  acids  include  both  solids  and  liquids, 
generally  colorless.  The  variously  colored  scale  compounds  are 
generally  solutions  of  fresh  metallic  hydrates  (Fe  particularly) 
in  organic  acids  or  acid  salts,  said  solutions  being  dried  on 
glass  plates. 

The  fatty-acid  series  of  saturated  monobasic  acids  have 
the  general  empiric  formula  CnH2n02.  The  higher  members 
occur  abundantly  with  glycerin  in  natural  oils  and  fats  and 
with  monatomic  alcohols  in  waxes.  Vegetable  acids  are  widely 
distributed  throughout  nature,  being  partly  free  and  partly  com- 
bined with  metals  and  alkaloids.  Oxalic  acid  is  most  abundant, 
giving  the  sour  taste  to  many  plants. 

Organic  acids  are  absorbed  mostly  as  salts  of  the  alkaline 
metals,  and  are  oxidized  to  carbonates  in  the  cells,  render- 
ing the  blood  more  alkaline  and  the  urine  less  acid.  Vegetable 
acids  stimulate  the  alimentary  secretions,  causing  flatulence  and 
diarrhea. 

Formic  acid,  H.COOH,  occurs  in  ants  (formica  rufa), 
bristles  of  stinging  nettles,  and  fir-cones,  as  well  as  in  perspira- 
tion, urine,  and  muscle-plasma.  In  the  venoni  of  bees  and 
hornets  it  is  united  to  C11H24.  It  may  be  obtained  by  heating 
oxalic  acid  in  presence  of  glycerin,  or  by  oxidation  of  methyl 
alcohol : — 

CH3HO  +  02  =  H.COOH  -f  H2O 

Formic  acid  is  a  colorless  liquid  with  sharp  odor  and  irri- 
tating action  on  skin. 
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no  ppt.  witb  lime  water. 

Acetic  acid,  CH3-COOH,  is  found  in  various  plant-juices, 
partly  free  and  partly  combined  with  K  and  Ca.  It  is  formed 
uuring  the  decay  of  many  organic  substances,  and  is  commonly 
nuinufacturpd   in-   ■^^■■■^■'   f.iTiur.nfiti.in"  ,-,.■   Kinw   oxidation   of 


weak  alcoholic  liquors  (trickling  over  wood-ehavingB  in  perfo- 
rateA  eaaks)  or  by  the  dry  distillation  of  wood.  The  fermented 
product  is  ordinary  vinegar,  which  contains  4  to  10  per  cent. 
of  acetic  acid.  In  the  "quick  vinegar"  process  the  malt  wort, 
grape  juice,  hard  cider,  etc.,  is  wamied  to  about  80°  F.,  and  has 
added  to  it  about  '.-5  its  volume  of  vinegar.  A  few  percolutions 
complete  aceti£cation  in  from  13  to  34  hours,  yielding  vinegar 
of  R  strength  up  to  15  per  cent.  The  wood-product,  known  as 
pyroligneoua  acid,  is  neutralized  with  milk  of  lime,  the  tarry 
impurities  are  roasted  away,  and  then,  after  treating  witb  HCl, 
the  liquid  is  distilled.  Acetic  acid  is  strongly  acid,  with  a  dis- 
tinct vinegar  odor.    It  is  a  solvent  for  resina  and  camphor,  aud 
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is  used  largely  in  manufacturing  organic  dyes  and  (10  per  cent.) 
in  the  extraction  of  drugs  (colchicum,  conium,  nux  vomica, 
sanguinaria).  The  official  fluidextracts  of  squill,  lobelia  and 
sanguinaria  are  prepared  by  the  use  of  acetic  acid  in  the  men- 
struum. 

The  glacial  acid,  so  called  because  it  crystallizes  below 
17°,  is  over  99  per  cent,  absolute,  and  is  used  as  a  caustic.  The 
official  acid  contains  36  parts  by  weight  of  the  acid  and  64  of 
H2O;  the  dilute  is  of  6-per-cent.  strength.  It  is  a  curious  fact 
that  the  highest  sp.  gr.  (1.074)  of  acetic  acid  is  that  of  78-per- 
cent, strength  (acid  combined  with  1  molecule  H2O).  Dilute 
acetic  acid  neutralized  with  (NH4)2C03  forms  solution  of 
ammonium  acetate;  a  valuable  diaphoretic.  Acetates  are  neutral 
and  soluble  in  water,  except  some  basic  salts. 

Experiment. — Heat  some  NaC2H302  with  a  drop  or  two  of  H2SO4 
and  note  vinegar  odor. 

Carefully  neutralize  HC2H3O2  and  add  solution  of  FeCls.  A  deep- 
red  color  results,  and  on  boiling  a  reddish-brown  ppt. 

Trichloracetic  acid,  CCI3.COOH,  is  formed  by  oxidation  of 
chloral  with  HNO3.  It  is  a  crystalline  caustic  and  ppts.  albu- 
min. 

Propionic  acid,  C2H5.COOH,  is  so  called  because  it  is  the 
first  acid  (protos,  pion)  which  can  be  separated  in  an  oily  layer 
by  adding  CaClo,  etc.  It  is  a  liquid  with  a  peculiar  odor,  and 
is  present  in  sweat  and  urine. 

Butyric  acid,  Callj.COOH,  is  the  characteristic  acid  of 
butter,  where  it  exists  free  when  rancid,  as  also  in  feces  and 
sweat.  It  is  a  liquid,  differing  from  higher,  common,  fat  acids 
in  being  miscible  with  II2O. 

Of  the  four  valeric,  or  valerianic,  acids,  C4II9.COOH,  the 
iso  is  the  most  important.  It  has  the  odor  of  valerian,  and  is 
found  in  this  root  and  angelica.  It  is  also  a  product  of  albu- 
minous decomposition;  hence  is  present  in  old  cheese  and  hu- 
man excrement.  It  is  usually  obtained  by  oxidation  of  amyl 
alcohol.     It  is  an  oily,  colorless  liquid,  and  is  soluble  in  alcohol. 

Caproic  acid,  C^Hu.COOH,  is  present  in  goat-butter; 
myristic,  C14H28O2,  in  nutmegs  and  cocoanuts;  and  caprylic 
in  Limburger  cheese  and  cocoanut-oil.  Enanthylic  acid,  C7- 
H14O2,  is  present  in  oxidized  castor-oil,  and  has  an  agreeable 
odor.  Polargonic  acid,  CoHifiOo,  is  found  in  geranium-leaves; 
lauric,  C12H24O2,  in  cocoanut-oil;  arachidic,  C20H40O2,  in 
peanuts;  bycenic,  C22II44O2,  in  oil  of  benne;  cerotie,  C27H54O2, 
in  small  grains  free  in  beeswax;  and  melissic,  C3oHeo02>  in 
beeswax.  True  cerates  always  contain  wax.  The  soap-like 
decomposition  that  dead  bodies  sometimes  undergo  is  due  to 
fonnation  of  adipocere,  the  NH4  or  Oa  salts  of  oerotic  acid. 
Stearin  candles  are  a  mixture  of  palmitic  [HCieH3i02]  and 
stearic  [HC18H35O2]  acids,  both  white,  smooth  solids. 
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Of  the  unsaturated,  monobasic  acids  of  the  olefin  series, 
oleic,  C17H33.COOH,  is  most  important.  It  is  a  constituent  of 
fixed  oils,  and  a  by-product  in  the  manufacture  of  candles.  It 
is  a  colorless,  oily  liquid;  tasteless,  neutral  (unless  exposed  to 
air) ;  sp.  gr.,  0.9;  insoluble  in  HoO  only  (oleates  of  K  and  Na 
dissolve  in  H2O).  HNO2  changes  oleic  acid  to  cr}'stalline  elai- 
din,  and  it  solidifies  spontaneously  below  15°.  It  forms  oleates 
with  metallic  oxids  and  alkaloids.  Bicinoleic  acid  is  an  isomer 
of  oleic. 

Diatomic  acids  have  the  general  composition  CnHonOs  and 
mav  be  considered  diatomic  alcohols  in  which  one  HO  is  re- 
placed by  COOH. 

Glycolic  acid,  CHo.OH.COOH,  is  a  white,  crystalline  solid 
found  in  unripe  grapes  and  leaves  of  the  wild  grape. 

Lactic  or  oxypropionic  acid,  CoH40H.C00n,  is  present  in 
opium,  ensilage,  sa\ier  kraut,  gastric  juice,  and  the  gray  matter 
of  brain.  It  is  produced  by  lactic  fermentation  of  sugar  (sour 
milk,  koumiss,  kefir).  On  a  large  scale  it  is  made  by  digesting 
a  mixture  of  sugar,  milk,  putrid  cheese,  and  chalk  at  30°  for 
several  weeks.  The  bacteria  of  the  cheese  act  as  a  ferment,  and 
the  chalk,  neutralizing  the  lactic  acid  formed,  prevents  an  excess 
of  this  from  stopping  fermentation.  The  resultincr  Ca(C,')n5- 
03)2  is  decomposed  with  oxalic  acid.  The  official  acid  is  75- 
per-cent.  strength.  It  is  a  colorless,  odorless,  syrupy  liquid; 
sp.  gr.,  1.2 ;  optically  inactive  and  generally  soluble.  Sarcolactic, 
or  paralactic,  acid  is  found  in  muscles  (more  after  work),  extract 
of  beef,  blood,  and  sometimes  urine.  It  differs  from  ordinary 
lactic  acid  only  in  its  dextrorotatory  action  on  polarized  light. 
A  levorotatory  acid  is  produced  from  cane-sugar  by  a  special 
bacillus. 

Identillcation  of  Lactic  Acid.— A  few  drops  of  acid  added  to  very 
weak  solution  of  FeCls  gives  a  distinct  yellow  color.  When  the  acid 
is  floated  on  the  iron  solution,  a  sulphur-yellow  ring  appears. 

Oxalic  acid  [H2Co04.2HoO(C001I.C001I)l  is  found  in 
many  plants,  as  dock  and  wood-sorrel  (oxalis  aceiusrlla)  in  the 
fonn  of  the  K  and  Ca  salts;  in  rhubarb,  beets,  etc.,  as  the  Ca  salt. 
It  is  prepared  artificially  by  oxidizing  starch  or  sugar  with 
HNO3,  or  by  fusing  cellulose  (sawdust)  with  caustic  K  or  Xa. 
It  is  a  white,  very  sour,  crvstallino,  sublime  and  poisonous  solid, 
freely  soluble  in  water,  less  so  in  alcohol,  it  is  a  strong  reducing 
agent,  and  is  used  as  a  mordant  in  calico-|)rintinir,  to  clean  C'u, 
as  a  solvent  for  Fe  stains,  and  a  precipitant  for  Au  and  Pt; 
also  bv  workers  in  leather  and  makers  of  si  raw  hats  and  bonnets. 
The  Ca  salt  is  verv  insoluble,  and  often  ^rive-  rise  to  urinary 
calculi. 

Experiment. — Make  ink  by  niixinj;  cloar,  atjucoiis  solutions  of 
tannin  and  FeS04,  and  decolorize  with  clear  solution  of  if 0(^0^. 
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Succinic  acid,  1100411404,  occurs  in  amber  (succinum),  lig- 
nite, and  unripe  grapes.  It  appears  in  colorless  prisms  with 
acrid  taste,  more  soluble  in  water  than  in  alcohol.  It  is  seda- 
tive and  diuretic.  Oommercially  succinic  acid  is  made  by  the 
action  of  reducing  agents  on  tartaric  acid. 

Malic  acid,  H2C4H4O5  (oxysuccinic),  is  widely  distributed 
in  the  vegetable  kingdom  in.  unripe  grapes,  apples,  quinces,  cur- 
rants, gooseberries,  rhubarb,  etc.  It  appears  in  hygroscopic 
needles.     The  laxative  effect  of  fresh  cider  is  due  to  malic  acid. 

Tartaric  acid,  H2O4H4O6,  occurs  in  four  isomeric  forms, 
namely:  meso,-  levo,-  and  dextro-  tartaric  and  racemic  (para- 
tar  tar  ic)  acids.  The  common  dextro-acid  is  obtained  from 
grape-juice,  where  it  is  both  free  and  in  combination  with  K 
and  Oa.  It  is  purified  by  neutralizing  with  chalk  and  0a0l2, 
liberating  with  H2SO4,  and  crystallizing.  The  pure  acid 
appears  in  colorless,  monoclinic  prisms  of  acid  taste,  soluble  in 
IloO  and  alcohol.  On  strongly  heating,  it  chars  quickly,  giving 
off  a  distinct  caramel  odor.  It  is  used  in  calico-printing  and  by 
confectioners  to  prevent  crystallization  of  sugar.  Racemic  acid 
is  a  combination  of  equal  amounts  of  two  oppositely  optically 
active  agents,  as  shown  by  the  opposite  arrangements  of  the 
hemihedral  faces  of  the  two  kinds  of  prismatic  crystals  obtained 
by  evaporating  a  solution  of  sodium-ammonium  racemate. 

Identification  of  Tartaric  Acid. — Neutral  solutions  give  a  white 
ppt.  with  CaCl2,  soluble  (after  quickly  collecting  on  filter  and  washing) 
in  KUO,  but  pptd.  on  boiling. 

The  basis  of  granular  effervescent  salts  is  a  mixture  of 
NaHCOg  (83  to  85  pariis)  with  a  slight  excess  of  citric  (70)  or 
tartaric  (75  parts)  acid  and  sugar.  They  are  combined  by  heat- 
ing a  little  above  b.p.  or  by  moistening  and  stirring  mixed  pow- 
ders with  alcohol,  making  the  granules  even  by  sifting  after 
drying.     Ninety  grains  of  the  finished  salt  equal  a  teaspoonful. 

The  tribasic  acid,  citric,  H3CQH5O7,  occurs  free  in  lemons 
(6  per  cent.),  oranges,  currants,  cranberries,  raspberries,  goose- 
berries and  tomatoes.  The  juice  is  purified  by  neutralizing  with 
CaCOa  and  decomposing  with  H2SO4. 

The  Ca  salt  is  present  in  wood,  potatoes,  and  beets.  The 
acid  appears  in  large,  colorless  crystals,  readily  soluble  in  H2O. 
Citric  acid  is  used  extensively  in  pharmacy  to  prevent  pptn.  of 
hydroxids  from  their  salts  in  making  scale  preparations.  Sugar 
or  molasses  is  usually  added  to  the  pulp  of  tamarinds,  to  cover 
the  sharp  taste  (9  per  cent,  citric  acid). 

Of  the  aromatic  acids,  benzoic  and  salicylic  are  most  im- 
portant. They  are  both  sublime  substances,  antiseptics,  and 
preservatives.  Benzoic  acid,  IIC7II502(CqH5.C00H),  occurs 
in  gum  benzoin,  cranberries,  and  the  urine  of  herbivora.  It  is 
manufactured  from  toluene  by  treating  with  CI,  then  H2O.  It 
appears  in  large  needles,  sparingly  soluble  in  cold  water,  but 
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freely  soluble  in  alcohol.  The  ejuthetic  product  is  odorless. 
Benzoic  add,  changed  to  hippuric  acid  in  the  kidneys,  is  the  only 
drug  wtiich  can  effectually  render  the  urine  acid  (White). 

Identification  of  BeitiDic  Aold. — AfUr  neutralising,  FeCIa  givea  a 
Dcfih  colored  or  rcddieh  ppL 

Salicylic  or  oxybenzoic  acid,  HC7H503(CflH4.0H.COOH), 
is  present  in  oil  of  wintergreen,  senega,  and  coal-tar. 

Bxperlmeiit.— To  some  oil  of  wintergreen  add  five  times  aa  much 
liquor  potassK,  and  lieut  until  completely  saponilied.  Now  add  HCl 
and  note  ppt.  ol  crystals  of  salicylic  aoid. 

It  18  usually  prepared  synthetically  by  treating  phenol  with 
NaHO,  and  then  the  resulting  NaCoHsO  with  CO2 ;  then  heat- 
ing without  iiir  to  convert  isomeric  NaCallsCOs  into  NaCj- 
HaOa;  and  finally  treating  with  HCl  to  liberate  the  acid. 
Salicylic  add  appears  in  fine  needles  of  a  sweet  taste,  sternuta- 
tory, and  of  acid  reaction,  soluble  in  2.5  alcohol  or  450  H2O. 

IdentlScatlon. — Salicylic  acid,  even  in  very  dilute  solutions  (I  in 
EOO.OOO).  gives  violet  odor  with  ferric  snlts.  One  part  of  Zn  dissolved 
in  6  parts  of  IINU3  produces  a  similar  coloration,  turning  wine-red  on 
boiling. 

Cinnamic  acid,  CaHs.CHCH.COOB,  occurs  in  atorai  and 
balsams  of  Peru  and  Tolu,  to  which  it  imparts  the  fragrant  odor. 
It  oxidizes  readily  to  benzoic  acid. 

Teit  for  Cinnamlo  AcId.^Boil  with  solution  of  KaHO,  cool  and 
sridulate  wilb  dilute  U2SO4;  add  a  little  cone.  SMnO^  and  note  odor 
ot  bitter  almotid   (benzaldehyd). 

Official  or  gallotannic  acid,  HCnIlBOg,  obtained  by  extract- 
ing nut-galls  with  ether  and  alcohol  and  evaporating  solution, 
is  a  light-yellow,  scaly  compound;  bitter,  slightly  acid,  and 
strongly  astringent;  readily  soluble  in  water  and  dilute  alcohol. 
There  are  quite  a  number  of  closely  related  tannins  (oak-bark, 
nut-galls,  coffee,  etc.).  These  all  ppt.  albumin  and  gelatin, 
tartar  emetic,  and  most  alkaloids,  and  form  non-putrefying  com- 
binations with  animal  compounds,  on  which  fact  the  process  of 
tanning  depends.  The  modem  mineral  method  of  tanning  is  by 
the  use  of  CrOg  and  UnSO^,  yielding  a  leather  with  a  bluish 
tinge.  Ilussia  leather  is  any  thin,  smooth,  finished  leather  im- 
pregnated with  oil  of  birch. 

Tnmilns  produce  black  or  blue-black  ink  with  Fe  salts,  and 
hence  are  incompatible  with  these.  A  few  vegetable  bitters — 
namely:  columbo,  quassia,  chiretta,  and  gentian — contain  no 
taimin  and  may  be  prescribed  with  Fe  sohitions. 

Experiment. — Note  color  of  ppt.  formed  by  golutiona  of  tannic  acid 
and  lime  water;  tannin  and  FeClj  (no  change  with  ferrous  salts); 
tannio  anil  KJIO. 

Gallic  acid,  HC7HsOn  rCana(0n)3.C00ni,  is  made  by 
fumirating  nut-galls  or  tannin ; — 
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C14H10O9  +  H2O  =  2HC7H5O5 

It  occurs  in  long  needles,  more  soluble  in  alcohol  than  in  water, 
and  gives  a  blue-black  ppt.  with  ferric  salts,  but  does  not 
coagulate  albumin  or  ppt.  gelatin  or  alkaloids. 

Experiment. — Add  a  fragment  of  KCN  to  solution  of  gallic  acid, 
and  notice  deep- rosy  color. 

Vegetable  astringents  owe  their  properties  as  such  chiefly 
to  some  form  of  tannin,  which  ppts.  proteins  (not  peptones  in  an 
acid  medium)  as  digestible  tannates.  For  intestinal  effect  it  is 
better  to  give  the  colloid  U.  S.  P.  preparations  (kino,  catechu, 
kramcria,  hamamelis),  or,  still  better,  insoluble  combinations 
with  proteins  (digested  by  pancreatic  juice),  so  as  to  avoid  local 
action  on  the  stomach.  The  stools  are  rendered  harder  and 
firmer  and  diarrhea  is  checked.  An  excess,  by  irritating  the 
bowels,  may  lead  to  loose  stools.  Tannic  and  gallic  acids  given 
by  the  mouth  are  absorbed  to  a  slight  extent  as  tannate  or  gallate 
of  sodium,  which  has  no  astringent  effect;  hence  these  remedies 
are  useless  for  remote  hemorrhages  (Cushny).  Locally  applied, 
tannin  stops  bleeding  by  coagulating  the  proteins  of  the  blood, 
but  only  when  brought  into  immediate  contact  with  the  bleeding 
point. 

Phthalic  acid  [C6H4(C00H)2]  is  a  dibasic  acid  used  as  a 
source  of  the  indicator  phenolphthalein. 

The  relations  of  the  various  series  of  organic  acids  are 
shown  by  the  following  general  formulas : — 

Acetic:  C„H»,,,COOH. 
Hydroxacetic,  or  lactic:    CnH^OHCOOH. 
Dihydroxacetic,  or  glyoxylic:  CBlIto_,(OH),COOH. 
Succinic:  C„H^(COOH),. 

Hydroxysuccinic,  or  malic:  CnHjn_iOH(COOH),. 
Dihydroxysuccinic,  or  tartaric:  CnHto_,(OH)a(COOH)^ 
Citric  acid  is  expressed:    CH^OHCCOOH),;  that  is,  hydroxy -pro- 
pane-tricarboxylic  acid. 

Hydrocyanic  or  prussic  acid,  HON,  is  a  colorless  liquid 
with  an  odor  like  that  of  peach-blossoms;  it  changes  to  a  gas 
at  26.5°.  It  is  produced  spontaneously  by  decomposition  of 
amygdalin,  a  substance  present  in  bitter  cassava,  cherry-laurel, 
wild  cherry,  bitter  almonds,  and  the  pits  of  stone-fruit.  The 
United  States  Pharmacopeia  preparation  is  a  2-per-cent.  aque- 
ous solution  of  the  acid;  the  dose  of  this  preparation  is  from 
1  to  5  m.  It  is  slightly  acid,  but  very  poisonous.  AgNOs  gives 
a  white  ppt.  of  AgCN,  not  darkening  in  the  light.  Boiled  with 
an  acid  or  an  alkali,  II CN  splits  into  NH3  and  formic  acid. 

Identification  of  Hydrocyanic  Add. — ^Heated  with  a  dilute  solution 
of  picric  acid,  IICN  gives  a  deep  rod  color  on  cooling.  On  exposing  some 
filter-paper,  treated  firs^t  with  fresh  tinct.  giiaiac,  then  dried  and 
soaked  in  very  dilute  CUSO4 — to  the  fumes  of  HCN,  the  paper  turns 
a  deep-blue  color. 
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Chlor-acids  are  formed  by  replacing  H  of  the  acid  radical 
with  CI ;  thus,  monochloracetic  acid  is  CH2CI.COOH.  In  thio- 
acids  the  0  of  hydroxyl  is  replaced  by  S;  in  sulphonic  acids, 
ROHSOo,  the  hydroxyl  H  is  replaceable  by  bases.  Homologous 
acids  can  be  formed  from  the  cyanids  of  hydrocarbons  througli 
hydration  by  treating  with  a  dilute  acid  or  alkali.  Cyanuric  acid 
has  the  formula  CsHsNaOa.  Nucleic  acids  are  classified  accord- 
ing to  the  chief  purin  body  which  they  yield  on  hydrolysis; 
thus,  guanylic  acid  yields  guanin.  They  contain  up  to  10  per 
cent,  of  P. 

Of  minor  importance  are  erucic  and  benic  acids  (mustard), 
copaivic  acid  (copaiba),  cubebic  acid  (cubebs),  anthcmic  acid 
(matricaria),  camphoric  acid  (prepared  by  heating  camphor  witli 
HNO3),  igasuric  acid  (nux  vomica),  quinic  acid  (cinchona, 
grapes,  cherries,  strawberries),  angelic  acid  (angelica),  aconitic 
acia  (aconite  root),  valeric  acid  (valerian,  viburnum),  and 
maizenic  acid  (com  silk).  Chrysophanic  acid  (chrysarobin)  is 
the  active  ingredient  of  goa.  Filicic  acid  is  the  chief  medicinal 
agent  in  male  fern.  It  changes  with  age  into  its  inert  anhydrid 
filicin.  Ergotinic  and  sphacelinic  (N-free  resinoid  mixture  of 
sphacelotoxin  and  ergochrysin)  acids  are  present  in  ergot. 

FATS  AND  FIXED  OILS. 

These  are  esters  of  glyceryl  and  the  higher  fatty  acids,  and 
are  often  termed  glycerids.  They  are,  for  the  most  part,  mix- 
tures of  triolein  [C3H5(Ci,jiII.3.-502)3l,  tripalmitin  [C3H5(Ci6- 
H3iOo)3],  and  tristearin  [03115(018113502)3].  The  first  is  a 
liquid  and  the  chief  constituent  of  oils;  the  second,  semisolid; 
the  third,  a  hard  solid  (m.p.  63°).  In  plants  (phytosterin) 
they  are  found  chiefly  in  seeds  and  nuts;  in  animals  under  the 
skin  and  upon  the  viscera  and  muscles.  Human  fat  is  67  to  80 
per  cent,  olein  (less  olein  in  children),  with  a  small  quantity  of 
free  fatty  acid.  Olein  and  stearin  are  the  chief  constituents  of 
most  animal  fats;  olein,  of  vegetable  oils  (palm  oil,  chieily 
stearin  and  palmitin). 

They  are  usually  obtained  by  expression  or  nieltin<i;.  So- 
called  margarin  is  a  mixture  of  palmitin  and  stearin.  Plant  oils 
are  derived  from  OOo  and  IIoO;  animal,  from  ingested  fatf^, 
albumins  and  carbohydrates. 

Pure  fats  are  colorless,  odorless,  and  tasti'loss.  Thoy  leave 
a  permanent  translucent  stain  on  glazed  paper,  on  wariiniig  the 
paper  in  a  test-tube.  They  differ  from  mineral  oils  in  contain- 
ing O,  the  proportion  of  which  is  low  as  compared  with  C 
(averages  76.5  per  cent.).  They  are  insoluble  in  water  and 
nearly  so  in  cola  alcohol  (except  castor-oil,  linseed  aiul  eroton- 
oil),  but  are  readily  dissolved  by  ether,  chloroform,  trasolin, 
benzin,  benzene,  CSo,  etc.  Castor-oil  is  insoluble  in  ether  or 
petroleum  ether.     Fatty  acids  are  less  soluble  than  neutral  fats, 
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and  require  usually  a  mixture  of  ether  and  alcohol.     Fats  and 
oils  are  emulsified  by  soap,  acacia,  or  albumins. 

Experiment  to  Illustrate  Emulsification  (Bmbaker). — Place  on  a 
few  CO.  of  0.25  per  cent  Na-jCOa  a  small  quantity  of  neutral  oil,  to 
which  has  been  added  2-3  per  cent,  of  a  fatty  acid.  A  soap  is  formed  at 
once,  and  this  quickly  yields  a  spontaneous  emulsion. 

Solid  fats  melt  below  100**  and  can  be  distilled  without 
chemic  change  at  about  300**,  but  are  decomposed  at  higher  tem- 
peratures into  a  number  of  products,  of  which  the  offensive 
smelling  aldehyd  acrolein,  C3H4O  (from  glycerin),  is  most 
distinctive. 

To  Determine  Melting-point  of  Fats. — Draw  up  a  little  of  the 
melted  fat  into  a  capillary  glass  tube  (can  be  made  by  drawing  out 
ordinary  size  in  flame),  and  attach  this  tube  to  the  bulb  of  a  thermom- 
eter. When  the  fat  has  congealed,  the  apparatus  is  held  in  a  beaker  of 
water,  which  is  warmed  gradually  until  the  fat  becomes  transparent 
(melting-point). 

Oils  have  a  definite  refractive  index  (average  about  1.41- 


always  greater  than  that  of  water),  which  is  of  signal  aid  in 
their  identification. 

By  the  iodin  number  of  an  oil  or  fat  is  meant  the  percentage 
by  weight  of  I  absorbed  by  a  given  weight  of  the  oily  substance. 
Thus,  if  1  gm.  of  a  certain  oil  absorbs  1  gm.  I,  its  iodin  number 
is  100. 

Ordinary  fats,  containing  albuminous  matter,  tend  to  be- 
come yellow  and  rancid,  after  a  time,  by  liberation  of  fatty  acids 
through  feniiontation  and  oxidation  (forming  oxyacids),  even 
when  bacteria  arc  absent. 

Drying  or  siccative  oils  (linseed,  for  example)  are  so  called 
because  they  contain  unsaturated  acids,  and  harden  by  taking  up 
0.  Albuminous  impurities,  which  prevent  this  oxidation,  are 
removed  by  treating  with  4  per  cent,  of  H2SO4  and  decanting 
the  refined  oil.  Fats  and  oils  bum  readily,  giving  off  a  large 
amount  of  heat.  When  fats  or  oils  are  treated  with  alkaline 
hydroxids,  glycerin  is  set  free  and  a  soap  is  formed,  the  process 
being  termed  saponification.  When  treated  with  ferments  or 
superheated  steam  or  boiling  acidulated  water,  hydration  takes 
place  with  formation  of  glycerin  and  a  fatty  acid.  Fats  and  oils 
are  used  as  foods  and  medicines  and  in  paints  and  varnishes. 

The  purest  olive-oil  has  a  greenish  tinge.  On  cooling  to 
near  f.p.  it  separates  into  crystalline  palmitin  and  fluid  olein. 
Cocoanut-oil  contains  less  oleic  acid  than  olive-oil  and  saponifies 
more  rcadilv. 

Cottonseed-oil  is  pale  yellow,  and  is  used  largely  as  an 
adulterant  and  substitute  for  olive-oil,  butter  and  lard,  as  are 
also  peanut  (earthnut,  arachis)  and  sesame  (teel,  benne)  oils. 
Cottonseed-oil  reduces  AgNOa  to  the  black,  finely  divided  metal. 

Both  sweet  and  bitter  almonds  are  about  half  oil  and  one- 
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fourth  proteid ;  also,  in  bitter  almond,  are  the  glucosid  amygdalin 
(2  to  3  per  cent.)  and  the  fprninit  ernulein.  Tliis  oil,  bj  macera- 
tion and  subsequent  distillation,  yields  one-fourth  as  much  hydro- 
cTsnic  acid,  to  which  its  action  is  due  principally.  Oil  of  almond 
is  usually  straw-colored  and  should  have  no  odor  of  bitter 
almonds.    Cod-Uvcr  oil  is  quite  complex.    In  addition  to  the  fats. 


Hoolein,  palmitin,  stearin,  uijristin  and  tlierapin,  it  contains  a 
little  chole^terin  and  gaduic  acid,  gadium,  the  alkaloids  a^elin 
and  morrhuin,  traces  of  I  and  Br,  and  various  amins.  It  saponi- 
fies rery  readily,  and  hence  ia  easy  of  digestion.  The  inferior 
gntdes  are  dark  in  color,  owing  to  biliary  matter.  Pale  cod-liver 
oil  contains  from  l).18  to  0.71  per  cent,  and  the  dark  variety 
from  2Vi  to  5  per  cent,  of  free  oleic  a«id,  which  aids  emulfiion 
«ud  digestion.  . 
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Linseed-  or  flaxseed-  oil  (35  per  cent,  of  linum,  with  con- 
siderable mucilage  and  the  amygdalin-like  linamarin)  is  about 
80  per  cent,  linolein  [C3H5(Ci8H2702)3].  Being  unsaturated, 
it  absorbs  0  and  becomes  gummy.  Exposed  in  thin  layers,  it 
dries  to  a  glassy  solid. 

Cottonseed,  sesame,  maize  and  rapeseed  oils  have  also 
marked  drying  properties.  The  same  glycerid  is  present  in 
walnut,  hempseed,  sunflower,  poppyseed,  and  nigerseed  oils. 
The  drying  effect  is  much  increased  by  boiling  the  raw  oil  in  a 
current  of  air,  sometimes  adding  oxid  of  Pb,  Fe,  or  Mn,  or 
borates.  Linseed-oil  is  used  in  paints  and  printers^  ink.  The 
latter  is  a  boiled  linseed  varnish  containing  lampblack  or  some 
other  color  and  a  little  soap.  Drying  oils  may,  by  absorbing  0, 
cause  sufficient  heat  to  ignite  rags  or  clothing  soaJced  therewith. 
A  mixture  of  japan  and  boiled  linseed-oil  (used  as  a  filler  in 
furniture)  on  a  rag  or  on  excelsior  is  certain  to  take  fire  within  a 
few  hours. 

Castor-beans  are  nearly  one-half  oleum  ricini,  which  is 
noted  for  its  viscosity  and  nauseous  taste.  Castor-oil,  on  saponi- 
fication by  pancreatic  steapsin,  yields  irritant  ricinoleic  acid, 
which  differs  from  the  free  acids  of  ordinary  fixed  oils  in  being 
unsaturated  and  containing  an  OH  group.  Five-per-cent.  castor- 
oil  in  petrolatum  increases  its  absorptive  power  for  HoO  four- 
fold (10  parts).  Croton-oil  contains  a  peculiar  principle,  cro- 
tonol,  which  excites  a  pustular  eruption  when  applied  to  tlie 
skin.  Croton-oil  is  a  very  energetic  drastic  cathartic,  is  changed 
in  the  small  bowel  into  glycerin,  and  the  very  irritant  crotono- 
leic  acid;  there  is  some  free  acid  (much  in  old  specimens)  in  the 
oil. 

Lard-oil  is  "cold  pressed'^:  that  is,  extracted  from  lard  at 
a  low  temperature.  It  is  used  in  cooking.  Benzoinated  lard 
contains  2  per  cent,  benzoin,  which  retards  rancidity.  Sevum, 
from  sheep,  is  used  in  cerates. 

Butter  contains  in  addition  to  92  per  cent,  of  olein,  pal- 
mitin,  stearin,  myristin,  and  arachidin,  the  glycerids  of  butyric 
(7  per  cent.),  capric,  caproic,  and  caprylic  acids,  which  charac- 
teristic acids  arc  volatile  and  soluble  in  water:  a  fact  that  is 
made  use  of  in  testing  butter  for  adulteration.  Butter  contains, 
as  a  rule,  15  to  20  per  cent,  of  water.  The  presence  of  butter- 
milk causes  bntter  to  decompose  very  rapidly. 

Test  for  Butter. — Put  a  little  in  a  test-tube  and  add  two  or  three 
times  as  much  alcoholic  potash  solution,  and  warm  in  the  steam-  or 
water-  bath.  Now  add  a  few  drops  of  H2SO4,  and  notice  pine-apple  odor 
of  butyric  ether. 

Olcomargarin  is  a  butter  substitute  prepared  from  the  fat 
of  omentum  and  mesentery  of  beef-c5ttle.  This  fat  is  hashed 
fine  and  then  melted  at  about  50**.  The  liquid  fat  thus  pro- 
cured is  kept  in  small  vats  at  27°  for  two  or  three  days,  to 
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allow  crystallization  cf  the  harder  fats.  From  these  yellow 
oleo-oil  is  obtained  by  pressure,  and  is  churned  with  milk,  col- 
ored, and  rapidly  chilled.  Biitterine  has  lard  added  to  oieo- 
oil  ud  milk  before  churning.  Suin  is  a  food-product  similar  to 
oteomargarin,  using  beef  and  mutton  fat,  and  sometimes  lard  and 
cottone^ed-oii. 

Palm-oii  is  brown  or  reddish  yellow  and  is  between  lard 

and  tallow  in  consistence.     Cacao-butter  (oleum  theobromatis) 

is  a  light-yellow,  brittle  solid  with  a  pleasant  odor,  melting  a 

r  degrees  (SC-SS")  below  the  temperature  of  the  body.    It  is 

"i  extensively  as  n  basis  for  suppositories.    A  drop  of  glycerin 

1  to  each  suppository,  (cold  process)  renders  it  more  cohe- 


PlE.  !«.— Lard,  CryBUlliEcJ 


sive.  Whitp  mustard  peed  has  25  per  cent,  of  fixed  oil;  also 
einapin  snlphocyanid  and  sinalbin,  which,  by  decomposition, 
yields  an  acrid,  volatile  oil.  Black  mustard  has  the  Bame  ingre- 
dients, except,  in  place  of  sinnlbin,  sinigrin,  which,  with  water. 
Slits  into  the  volatile  oil  of  mustard.  ^  potassium  salt  and  sugar. 
gitalis  leaves  contain  about  5  per  cent,  fat,  which  is  said  to 
dday  absoi'ption  and  irritate  the  stomach.  A  fixed  oil  is  found 
in  etillingia,  pyrethrum,  juglans  and  pareira  root.  Colchicum 
contains  6  per  cent  of  fixed  oil ;  Btramonium  seeds,  25  per  cent. ; 
pampkin  seeds.  30-40  per  cent. 

The  elaidin  t«3t  for  oils  consists  in  shaking  with  nitraus 
■cid,  when,  if  positive,  white,  solid  isomeric  elaiduiB  are  formed. 
OUre-,  almond-,  benne-,  mustard-,  earthnut-,  bone-,  lard-,  neat's- 
foot,  tallow-,  sperm-,  doegling-,  and  dolphin-  oils  all  react  to 
this  test.  Drying  oils  (except  castor)  do  not  react  to  this  test. 
Cottonseed  and  mo?t  other  seed  oils  yield  a  more  or  less  pasty 
raase,  often  with  separation  of  a  fluid  portion. 
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Lanolin,  or  wool-fat,  is  an  ester  of  the  choleaterius,  C27- 
H45HO.  It  is  light  yellow  in  color  and  has  the  odor  of  sheep's 
wool.  It  differs  from  ordinary  fats  in  being  niiscible  with  twice 
its  weight  of  HjO,  and  it  is  also  quite  a  etable  product.  The 
official  hydrous  lanolin  contains  not  more  than  31)  per  cent,  of 
H2O.  Lanolin  is  very  similar  to  human  sebum.  It  ia  especially 
good  for  incorporating  liquids  in  ointments.  Any  stickiness  is 
overcome  by  adding  a  small  proportion  of  liquid  petrolatum. 

Agnin  is  a  similar  preparation.  A  weak  chloroform  solu- 
tion of  wool-fat  gives  a  brown  ring-  in  contact  with  H2S04. 
Various  cholesterol  a   (phytosterola)   are  present  in  most  seeds. 


pis.  37.~-Iiuman  Fat,  CryBUUlHd  rmm 


Lecithinfi,  or  phoaphorized  futs,  are  found  in  nearly  all 
cells,  being  most  abundant  in  the  brain  and  ner\-e3,  white  blood- 
corpuBcles  and  yelk  of  epgs  (2-t  per  cent,  of  vitellin).  The  one 
most  frequent  in  the  animal  body  has  the  empiric  formula 
Ci4HBoNPOB — distearyl-glycerophosphate  of  cholin.  Ijecithin 
is  soft  and  waxy,  forming  with  1120  a  pasty  mass,  which  under 
the  microscope  exhibits  the  "myelin"  oily  drops  and  threads.  On 
decomposition  lecithin  yields  H3PO4,  some  fatty  acid  (oleic, 
palmitic,  or  stearic),  and  an  organic  base,  cholin.  Lecithin  can 
be  pptd.  from  solution  (and  so  separated  from  fat  and  cho- 
lestcrin)  by  addition  of  acetone. 

Waxea  are  compounds  of  fatty  acids  with  alcohols  other 
than  glycerin.  They  are  soluble  in  fat  solvent-s  and  in  boiling 
alcohol,  biit  are  not  easily  saponified.  Cera  flava  (aut  alba) 
consists  chiefly  of  myricin,  or  myricyl  palmitate,  CaoHeiO.Cia- 
II31O.  Spermaceti  is  made  up  largely  of  eetyl  palmitate, 
CieHsaO.CigHsjO,  and  is  used  in  ointments  and  cerates,    L»ic- 
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turarinm  lias  50  per  cent.  was.  Fats  in  wax  are  detected  by 
the  acrolein  odor  on  tieating.  The  fixed  oil  expressed  from  sweet 
or  bitter  almondB  is  used,  along  with  white  wax  and  spermaceti, 
in  the  official  ointment  of  rose-water. 


In  the  broad  sense  saponification  is  the  decomposition  of 
any  ester  by  an  alkali.  Soaps  are  tatty-acid  salts  of  varioua 
metaK  generally  obtained  by  boiling  an  hydroxid  or  osid  with 
a  fnt  or  oil :   lard,  tallow,  nlivc,  cr>ttnn=ecd.  piilm,  peanut,  etc. 


I 


Soft  Boap  is  a  K  compound;   hard  soap  contains  Na.    The  oil, 
the  fatty  acid,  or  the  alkali  may  be  in  excess. 

BxperlinEiit. — To  10  c.c  of  olive-oil  add  one-fifth  na  much  10-per- 
e«it  KUO.  Boil  and  «tir  until  mixture  is  homogeneous  and  no  oil 
separates  when  b  little  is  poured  into  water,  keeping  up  originxl  volume 
b7  adding  U^O,  The  resulting  »ort  soap  is  converted  into  hard  Eonp  by 
•Jdiiig  satumted  solution  of  fJaCI  and  allowing  to  ooal. 


CsHotC.BHssOalg  +  3KnO  =  aKCisHjsOj  +  CsHb(B 
KCigHMUa  +  Naa  =  NaCisHsjOa  -f  KCl 


')s 


Common  yellow  or  Lard  sonp  is  sodium  oleate;  curd  eoap, 
Endinm  ste.irate. 

E,  Nn.  and  NHj  Boaps  are  soluble  in  H2O  and  alcohol,  not 

__la  utfacr,  but  are  tlirown  down  by  siiturnting  with  a  neutral  salt, 

\lilo«m  by  the  oiird  formed  on  adding  common  ?alt;   nil  others 

}  insoluble.     Soaps  are  decomposed  by  mineral  acids,  which 

fatty   acids,  forming   new   salts.     Transparent  toilet 
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soaps  arc  made  with  castor-oil.  Lard  soaps  are  white  and  hard 
and  often  float  on  water.  Glycerin  is  present  in  all  soaps  made 
by  reaction  between  fats  and  alkalies;  it  is  absent  from  soaps 
made  with  free  fatty  acids  liberated  by  superheated  steam.  The 
common  yellow  soap  is  prepared  with  tallow  or  palm-oil  and 
soda,  and  often  also  some  rosin.  Palm  and  cocoanut  soaps  take 
up  much  alkali,  dissolve  in  salt-water,  and  are  much  used  at  sea. 
Cocoanut-oil  is  often  added  to  a  soap  to  make  a  good  lather. 
Various  coloring,  odorous,  medicinal,  and  polishing  agents  (sand, 
emery)  are  frequently  added  to  soaps  for  special  purposes.  All 
soaps  contain  HoO  (from  20  to  80  per  cent.),  with  which  the 
smoothness  varies. 

Soaps  treated  with  water  decompose  into  an  acid  salt  which 
ppts.  and  makes  soapsuds  with  freed  alkali,  and  a  basic  salt 
which  dissolves  and  cleanses.  When  used  in  hard  waters  in- 
soluble Ca  and  ^Ig  soaps  are  first  pptd.  before  there  is  any 
detergent  action  on  the  skin.  These  curds  give  the  hard  feeling 
to  well  water.  Strongly  alkaline  soaps  injure  woolen  fabrics 
by  removing  the  natural  fat  of  the  fibers. 

The  official  soap  is  white  Castile,  a  Na  soap  made  from 
olive-oil.  The  mottled  appearance  of  some  Castile  soaps  is  due 
to  FeS04.  Ammonia  liniment  and  lime  liniment  are  fluid  soaps 
prepared  by  mixing  cottonseed-oil  with  NH4HO  (also  5-per- 
cent, alcohol)  and  linseed-oil  with  lime-water.  Green  soap 
(sapo  mollis)  is  usually  brown  in  color.  It  is  a  jelly-like  potash 
linseed-oil  soap  made  with  the  aid  of  alcohol.  Lead  plaster  is 
chiefly  lead  oleate,  and  is  prepared  by  reaction  between  soap  and 
lead  acetate  in  the  presence  of  water.  It  is  a  pliable,  tenacious 
mass,  insoluble  in  water,  soluble  in  ether.  It  is  the  basis  of  a 
number  of  official  plasters.  Ungt.  diachylon  has  50  parts  of 
lead  plast-er,  49  of  olive-oil,  and  1  part  of  oil  of  lavender.  In 
fusing  for  ointments  and  plasters  the  body  having  the  highest 
m.p.  should  be  melted  first,  then  the  others  in  order,  stirring 
in  any  insoluble  powder  while  cooling.  Plasters  are  readily 
removed  from  the  skin  by  moistening  with  alcohol,  benzin,  kero- 
sene or  gasolin. 

CABBGHYDBATES. 

Carbohydrates  are  compounds  of  C,  H,  and  0,  the  two 
latter  elements  in  the  same  proportion  as  in  water,  the  C  gen- 
erally in  6's  or  some  multiple  thereof.  They  are  derived  by 
oxidation  of  hcxatomic  alcohols,  and  are  in  composition  mostly 
penta-oxvaldehyds  rC0H.(CH0H)4.CH20H  =  dextrose]  and 
penla-oxVketones  rCH20H.(HC0H)  3.CO.CH2OH  =  levulose], 
or  anhydiids  of  these.  Some  unimportant  carbohydrates  con- 
tain from  3  to  9  atoms  of  C. 

Carbohydrates  make  up  the  greater  bulk  of  plant-tissues; 
much  less  abundant  in  animals.    With  the  aid  of  sunlight  and 
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chlorophyl  plants  build  up  formaldehyd,  then  sugar,  then  starch, 
cellulose,  and  proteins  from  the  waste-products  of  animals.  The 
mineral  salts  are  similar  in  both  plants  and  animals.  The  fol- 
lowing equations  represent  a  few  synthetic  results,  without  rep- 
resenting the  complex  intermediate  steps: — 

A  hydrocarbon :     10CX)2  +  SHgO  =  CioHkj  +  280. 

A  carbohydrate :     6CO2  +  OHgO  =  C6II12O6  +  120. 

An  organic  acid :     2CO2  +  HgO  =  H2C2O4  -f  0. 

A  nitrogenous  compound :    IOCO2  +  4H2O  -h  2NH3  =  C10H14N2  +  240. 

Carbohydrates  are  mostly  whit<j  and  solid.  All  have  a 
neutral  reaction.  They  are  generally  soluble  in  H2O,  diflieultly 
soluble  in  absolute  alcohol,  and  insoluble  in  ether.  Some  are 
crystalline;  others,  more  complex,  are  colloid.  They  sometimes 
form  loose  chemic  combinations  with  bases.  Unchanged  or 
after  treatment,  they  have  a  sweet  taste,  a  reducing  action  on 
certain  metals  (Cu,  Bi,  etc.),  and  power  to  rotate  polarized  light 
ajid  undergo  alcoholic  fermentation.  They  are  readily  oxidized 
in  alkaline  solutions,  turning  yellow  or  dark  brown  on  heating. 

According  to  their  structure,  carbohydrates  are  divided 
into  three  classes,  the  members  of  any  one  of  which  may  be 
converted  into  those  of  another  class  by  hydrolysis  or  dehydra- 
tion : — 

Cellulose  (cellulin). 

Lignin   ( wood ) . 

Tunicin  (animal  cellulose — aseidians  and 

cynthiana). 
Starch    (amylum  or  glucosin). 
Dextrins    (British  gum). 
Inulin    (levulin — rotates   ray   to   left). 
Glycogen    (liver-starch).     Two  to   10  per 

cent. 
RafTinose  and  lactosin    (crystalloid). 
(Jums.     Related  to  pentoses,  starches  or 

dextrin?*. 


Polysaccharide   (amylcses  or 
amyloids:    (CeHioOs) 
•(•••x«).    Mostly  colloid. 


-  < 


Disaccharids  (bioses  or  sac- 
charoses): Ci2n220n- 
Crystalline  and  diffusible. 


^Sucrose     (cnue,     l>ect,     sorghum,    maple, 
palm,  sweet  fruits). 
Lactose    (milk-sugar,  012^22^1 1-^2^)- 
Maltose  (malt-sugar). 
Isomaltosc    (sweet  extracts,  amorphous). 

'Dextrose        (grape-sugjir,       starch-sugar, 
glucose ) . 
Levulose    (fructo«»e.   formose.  diabetin). 
Galactose. 
OSes,   or   simple   sugars):'^   Inosit   (muscle-sugar:    also  derived  from 


Monosaccharids  (aldoses  and 
ketoses,     glucoses,     mon- 


C6Hi20e.    Crystalloid. 


I 

I 


hexamethylene.  C,{IIj2) 
Arahiiiose    (pectin  sugar). 
Xylose    (wood-sugjir) . 


The  building  up  of  complex  from  siinplo  ?u,irars  is  tonned 
reversion.  Dextrose,  lactose,  and  levulose  ]>oljirizo  nnu-h  hiirhcr 
when  freshly  prepared  than  after  long  standing;   maltose,  lower. 
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The  correct  reading  may  be  quickly  obtained  by  boiling  or  by 
adding  a  few  drops  of  ammonia.  Plant  powders  are  generally 
best  studied  microscopically  in  temporary  mounts  of  glycerin  or 
saturated  chloral  hydrate  solution  (dissolves  starch),  which  ren- 
der the  powders  transparent. 

General  Test.  Molisch's  Reaction. — ^To  a  few  c.c.  of  dilute  syrup 
add  a  few  drops  of  15-per-cent.  alcoholic  solution  of  a-naphthol,  and  then 
add  very  slowly  twice  as  much  by  volume  of  IT2SO4  as  of  the  sugar  solu- 
tion, sliding  it  down  the  side  of  the  inclined  tube.  Note  reddish- violet 
ring  of  furfurol.  Nearly  all  albuminous  bodies  contain  a  carbohydrate 
molecule  and  give  this  reaction. 

Cellulose,  or  plant-fiber,  fonns  the  cell-walls,  or  frame- 
work, of  plants,  and  is  the  pulp,  or  indigestible  part,  of  fruit. 
The  trunks  of  trees  contain  also  6  or  7  per  cent,  of  mineral 
matter.  Pure  cellulose  is  prepared  by  grating  vegetable  tissue 
(flax,  cotton,  hemp,  wood,  pith)  and  washing  away  the  starch. 
Absorbent  cotton  (wax  and  fat  extracted  by  alkaline  hydrolysis, 
followed  by  bleaching  acid  oxidation)  and  filter-paper  are  nearly 
pure  cellulose.  It  is  soluble  in  ammoniated  CUSO4  (Schweitzer's 
reagent,  from  which  it  is  pptd.  as  a  white  mass  by  acids),  in 
CS2,  and  in  strong  mineral  acids,  which  convert  it  into  dextrin. 
The  fine,  flexible,  elastic  fibers  of  cellulose  are  pressed  or  woven 
into  linen,  muslin,  thread,  ropes,  paper  (wood-pulp  heated  with 
NaHO  or  MgSOs  under  pressure),  and  papier-mache.  When 
treated  with  H2SO4,  cellulose  is  partly  changed  into  a  jelly-like 
glaze  of  hydrocellulose,  or  amyloid.  Unsized  paper  dipped  first, 
for  a  few  seconds,  into  H2SO4  (equal  volumes  with  H2O),  and 
then  immediately  washed  (in  water  and  then  dilute  ammonia) 
and  dried,  is  converted  into  smooth,  tough  parchment-paper. 

Mercerizing  cotton  consists  in  placing  the  fabric  in  a  strong 
solution  of  caustic  soda,  which  hydrolyzes  cellulose.  Cotton 
shrinks  20  per  cent,  and  becomes  50  per  cent,  stronger,  and  has 
much  greater  dyeing  capacity.  If  kept  under  tension  so  it  can- 
not shrink,  cotton  takes  a  sheen  like  silk.  Cellulose  dissolved 
in  hot  ZnClo  solution  makes  a  sticky  syrup,  which,  when  forced 
through  a  tiny  orifice  into  alcohol,  ppts.  a  fine  thread,  and  this, 
when  carbonized,  makes  a  filament  for  incandescent  lamps. 
Paper,  soaked  in  the  same  solution  and  worked  up,  forms  vul- 
canized fiber.  Water-proof  and  bullet-proof  goods  are  made  from 
cellulose.  Artificial  silk  is  spun  from  "viscose,**  which  is  mer- 
cerized cellulose  dissolved  in  CS2. 

Experiment. — ^The  woody  nature  of  stone  cells  (pears)  is  shown 
by  staining  first  with  alcoholic  solution  of  phloroglucin,  and  then  treat- 
ing;: with  HCl,  when  woody  parts  turn  red.  Chloriodid  of  Zn  colors 
collulose  purple. 

The  nitrooelluloses  are  important  explosive  and  combus- 
tible compounds  prepared  by  treating  cotton  or  paper  with 
HNO3   and  H2SO4.     Guncotton  is  the  trinitrate  [C6H7O2- 
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^^03)3].  Pyroxylin,  or  soluble  guncotton,  is  the  dinitrato 
C6H803(N03)2].  The  styptic  fluid  collodion  is  a  solution  of 
trinitrate  and  tetranitrate  in  alcohol  and  ether.  Wood-silk  is  a 
mixture  of  cellulose  and  nitrocellulose.  Celluloid  is  a  smooth 
material  prepared  by  incorporating  pyroxylin  with  camphor  and 
sometimes  2iiO  (yellow)  or  vermilion.  Xylonite  is  a  similar 
pyroxylin  compound.  Smokeless  gunpowder  is  guncotton  gela- 
tinized with  acetone  or  acetic  ether  and  then  dried  and  granu- 
lated; or  guncotton  mixed  with  nitrate  of  K  and  Ba;  or  gun- 
cotton  combined  with  nitroglycerin;  or  picric  acid  (lyddite)  ; 
or  nitronaphthalenes.  On  destructive  distillation  cellulose  yields 
CH3HO,  creosote,  C2H4O2,  etc.  Lignin  is  very  similar  to  cellu- 
lose, and  forms  the  inner  lining  of  woody  cells  and  vessels. 

Cutin,  cerin,  and  suberin  are  also  like  cellulose.  They  stain 
readily  with  anilin  dyes  (cellulose  does  not),  and  are  liquefied 
on  boiling  with  KOH.  Oxycellulose  is  often  formed  by  the 
action  of  bleaching  (oxidizing)  agents  on  cotton  (becomes  brittle 
and  rotten).  It  reduces  Fehling's  solution  on  prolonged  boiling, 
showing  a  rose-red  color,  due  to  CuoO. 

Starch  is  present  in  all  parts  of  plants,  especially  the  seeds, 
roots,  and  tubers,  where  it  serves  as  a  food-supply  for  the  young 
plant.  The  starch  of  green  fruit  turns  to  sugar  (sucrose  and 
invert  sugar)  in  the  process  of  ripening. 

Bice  contains  77  per  cent,  of  starch;  potatoes,  21;  sago, 
90;  cereals,  50  to  70  per  cent.  It  occurs  in  small  grains  in  the 
cellulose  cells,  each  kind  having  a  different  microscopic  appear- 
ance according  to  its  origin,  0.002  to  0.100  mm.  in  diameter,  and 
concentric  arrangement  around  nucleus.  The  stiirch  is  sepa- 
rated by  grating,  washing,  and  decanting.  It  is  white,  taste- 
less, amorphous,  and  slippery  to  the  touch.  It  is  insoluble  in 
cold  water.  Hot  water,  alkalies,  or  fonncnts  loosen  the  outer 
insoluble  husk  (farinose)  and  set  free  soluble  granulose.  Acids, 
heat,  and  ferment*^  break  starch  down  into  dextrins,  then  iso- 
maltose,  maltose,  and  dextrose  (ratio  to  starch  10:9).  The 
conversion  of  starch  into  sugar  by  the  action  of  dilute  H0SO4 
is  an  hydrolytic  process,  and  is  explained  by  the  fact  that 
H2SO4  diluted  with  HoO  forms  ortho?ulphuric  acid  (TL.SO4.- 
2H2O),  which,  with  the  aid  of  heat,  gives  up  the  HoO  to  the 
starch  in  the  nascent  state,  as  it  were. 

Starches  are  much  used  as  food,  in  the  manufacture  of 
alcohol  and  glucose,  and  for  stiffening  paper  and  linen. 

Ezperimeiit. — Change  starch  to  sugar  by  boiling  with  a  little  HoO 
and  a  drop  of  H2SO4.    Note  change  in  taste' 

Tcit  for  Starch. — I  gives  a  blue  rolor  to  wet  starcli;  brown  to 
dry.  This  color,  due  to  C^HolOrJ.  disappears  on  boating,  and  is  partly 
restored  on  cooling.  The  color  is  likewiso  destroyed  bv  addinj»  aiiytliinj]: 
which  will  form  a  coini)ound  with  I,  as  Ag  salts,  alkaline  liydratr>,  an»l 
todium  thiosulphate. 
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Starch  grains  present  a  polarizing  cross — ^black  on  a  white 
ground,  or  the  reverse.  Ginger  differs  from  most  other  spices  in 
containing  starch  (up  to  45  per  cent.).  Amidulin  is  a  term 
applied  to  soluble  starch,  which  is  obtained  from  starch  by  super- 
heated steam  and  cooking  with  glycerin.  It  is  a  dextrin,  but 
gives  a  blue  color  with  iodoiodid  of  K  solution.  Inulin  occurs 
in  the  roots  of  compositae,  replacing  starch.  It  tends  to  crystal- 
lize out  from  alcoholic  solutions,  and  is  colored  yellow  by  I. 
Digestive  ferments  have  no  action  upon  it,  and  it  is  used  as  a 
sweetening  agent  in  diabetes. 

Dextrin  is  intermediate  between  starch  and  glucose  or 
maltose.  It  is  a  light-yellow,  amorphous  powder,  quite  soluble 
in  H2O,  less  so  in  alcohol.  It  rotates  a  ray  of  polarized  light 
to  the  right.  Amylodextrin  (C30H50O115)  gives  a  violet  color 
with  I;  erythrodextrin,  a  reddish-brown  color;  achroodextrin 
and  maltodextrin  give  no  color,  but  reduce  Cu  solutions  slightly. 
Achroodextrin  yields  a  white  ppt.  with  alcohol.  Dextrins  differ 
from  other  polysaccharids  in  their  power  to  dissolve  Cu(H0)2 
in  alkaline  solution.  Dextrin  is  manufactured  on  a  large  scale 
by  heating  starch  for  a  short  time  at  1G0°  to  250°.  Dextrins 
are  used  as  toast,  bread-crust,  infant-foods,  mucilage,  and  book- 
binders' paste,  and  in  dyeing,  calico-printing,  postage  stamps, 
finishing,  and  glazing  of  cards  and  wall-paper. 

Glycogen,  or  liver-dextrin  (15  per  cent,  in  liver),  imparts 
a  sweet  taste  (on  fermenting  to  sugar)  to  this  organ,  the  carbo- 
hydrate reservoir,  and  is  present  largely  in  muscular  tissues 
(2  per  cent.)  and  oysters.  It  is  a  white,  tasteless,  amorphous 
powder,  pptd.  by  alcohol  and  given  a  port-wine  color  by  I.  It 
is  non-dialyzable,  and  fonns  an  opaque  mixture  with  water.  Its 
sp.  rot.  power  is  +  196.6. 

In  the  botanic  sense  a  gum  means  any  vegetable  exudation: 
as  "gum''  camphor,  a  stearopten ;  "gum"  guaiac,  a  resin.  Qums 
are  amorphous,  odorless,  tasteless,  viscid,  translucent  substances 
obtained  as  vegetiible  exudations  or  extracted  by  alkalies  and 
pptd.  by  IICl  and  alcohol.  They  are  derived  from  wandering 
sugars  (levulosc,  maltose)  in  the  sap.  They  have  been  pro- 
duced by  growing  microorganisms  on  artificial  media,  and  the 
yield  of  gums  can  be  vastly  increased  by  inoculating  certain  trees 
with  cultures  of  proper  bacteria. 

The  acacia  type  of  gums,  soluble  in  water,  are  compounds 
of  Ca  or  Mg  and  K  with  arabic  or  gummic  acid.  The  cerasin 
and  bassorin  groups  are  closely  related  to  plant  mucilages  and 
pectin  bodies.  Gum  arabic,  or  acacia,  is  the  chief  Ca  salt  of 
arabic  acid,  C12H22O11 ;  it  is  levorotatory,  acid  in  reaction,  and 
is  the  leading  emulsifier  in  pharmacy.  Acacia  is  due  to  a  specific 
microbe,  B.  acacia.  This  gum  is  used  in  confectionery,  dyeing 
and  finishing  silks  and  other  fabrics,  water  colors,  inks,  matches 
and  stationery. 
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Trsgacanth  is  about  one-half  a  soluble  gum  of  the  arabin 
t*ries,  and  the  other  half  insoluble  bassorin,  CflHioOj.  It 
alworbs  Sfveral  times  its  own  weight  of  water,  becoming  soft, 
transparent  and  gelatinous.  It  is  used  for  sizing  and  in  tnu- 
cilsgf,  emulsions  and  troches  (dmg,  sugar,  tragacanth  and 
BsFor) . 


Ulmus,  sassafras,  cinnamon,  and  buchu  have  a  noteworthy 
nmouut  of  mucilajje.  Agar-agar  (vegetablp  or  Japanese  gelatin) 
is  a  gelatinizing  material  used  by  confectioners  and  bacteriolo- 
gists. Other  common  gums  are  carrhageen  (Irish  moss), 
lirhcnio  (Iceland  and  Irish  moss),  isolichenin  (Iceland  moss; 
rewmblee  starch),  cerasin  (cherry-tree  gum),  marshmallow,  flax- 
wed,  and  Senegal.  They  form  sticky  mucilages  with  HaO. 
Hrating  with  IICI  changes  Ihem  to  dextrose  in  part.  They 
yield  mwic  acid  when  oxidized  by  ITNO,i.  Pectin,  nr  vegetable 
jflly,  constitutes  the  greater  portion  of  Irish  and  Ceylon  moss, 
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and  is  the  substance  that  causes  vegetable  juices  to  gelatinize. 
It  is  present  in  fleshy  fruits  and  in  roots,  formed  from  insoluble 
pectose  by  the  action  of  vegetable  acids.  Gums  are  used  in  medi- 
cine as  demulcents.  Mucilage  is  very  avid  of  water;  hence  the 
use  of  flaxseed  in  the  eye  to  wash  out  a  foreign  body. 

Sucrose  is  obtained  chiefly  from  cane  and  beets  by  crush- 
ing, then  coagulating  vegetable  albumin  and  neutralizing  acid 
by  boiling  with  1-per-cent.  milk  of  lime,  treating  with  COo, 
skimming,  boiling  with  animal  charcoal,  filtering,  and  crystal- 
lizing in  vacuum  apparatus,  the  crystals  being  separated  by  cen- 
trifugation.  The  sugar  remaining  in  molasses  can  be  extracted 
by  adding  Sr(H0)2  and  passing  in  CO2  to  ppt.  SrCOs-  Sac- 
charose is  sweet,  and  appears  in  large  monoclinie  crystals ;  sp.  gr., 
1.6;  very  soluble  in  H2O  (0.5  cold) ;  insoluble  in  strong  alco- 
hol, ether,  or  chloroform.  It  is  inverted — i.e.,  converted  into 
dextrose  and  levulose — ^by  boiling,  acids,  or  ferment  action ;  even 
strongly  acid  fruit-juices  have  power  to  invert  sucrose. 

+  66.5°  +52.5°         —94.4° 

C10H22O11  +  II2O  =  CeHi206  +  CeHi20e 

Cane-sugar  melts  at  160°  and  cools  into  clear,  glassy 
barley-sugar.  At  higher  temperatures  it  turns  yellow,  forming 
dextrose  and  a  gummy  substance  called  levulosan.  On  heating 
still  further  (200°)  it  gives  off  gases'  and  darkens  into  brown 
caramel  from  loss  of  H2O,  being  finally  reduced  to  one-third  its 
volume  of  coke.  H2SO4  also  chars  cane-,  but  not  grape-  or 
milk-  sugar.  Cane-sugar  does  not  undergo  alcoholic  fermenta- 
tion, except  indirectly  through  invertase,  and  does  not  respond 
to  the  copper  tests.  It  forms  insoluble  sucrates  or  saccharosates 
with  Ca,  Ba,  and  Sr  hydrates.  It  is  used  in  food,  syrups,  pre- 
serves, and  wines.  Caramel  is  employed  to  color  liquors,  vine- 
gars, confectionery,  etc.  Beet-sugar  differs  from  cane-sugar  only 
in  being  lighter  in  equal  volumes.  The  official  syrup  is  made  by 
either  the  hot  process  or  the  cold  (percolation),  and  should 
have  a  sp.  gr.  of  1,26  when  hot;   1.32  when  cold. 

Experiment. — Change  cane-sugar  to  glucose  by  dissolving  a  few 
grains  in  U2O,  adding  a  drop  of  II2SO4,  and  boiling  ten  or  fifteen  min- 
utes. Prove  that  this  product  reduces  alkaline  CUSO4  solution,  changing 
the  color  from  blue  to  yellow,  then  red,  whereas  cane-sugar  solution  has 
no  such  reducing  eifect. 

Lactose  constitutes  3  to  7  per  cent,  of  milk,  and  is  a  by- 
product in  the  manufacture  of  cheese,  the  whey  being  evapo- 
rated and  the  sugar  collected  on  strings  and  sticks.  It  is 
slightly  sweet;  sp.  gr.,  1.5;  soluble  in  6  parts  of  water.  It  un- 
dergoes lactic  and  alcoholic  fennentation  (with  kefir,  not  pure 
y(iast)  and  responds  to  the  glucose  reduction  tests.  Dilute  acids 
convert  it  into  galactose  and  dextrose.  Owing  to  its  hardness 
and  grittiness,  it  is  widely  utilized  in  powders  and  tablet  tritu- 
rates. 
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Maltose  is  obtained  from  starch  by  diastatic  fermentation, 
or  by  boiling  with  dilute  H2SO4.  The  same  change  takes  place 
Fpontanconsly  during  the  germination  of  seeds.  It  appears  in 
white  needles  soluble  in  both  water  and  alcohol.  On  hydrol- 
ysis it  breaks  up  into  two  molecules  of  dextrose.  It  ferments 
with  yeast  to  dcohol  and  responds  to  the  glucose  reactions. 
Maltose  and  lactose  are  distinguished  from  glucose  by  not  re- 
ducing Barfoed's  reagent  (solution  of  cupric  acetate  in  acetic 
acid). 

Dextrose  makes  up  10  to  50  per  cent,  of  grape-juice,  and 
is  widely  distributed  in  vegetables  (raisins,  figs,  and  other  sweet 
fruits)  and  honey,  usually  with  an  equal  amount  of  levulose 
and  some  maltose  and  dextrin,  the  mixture  being  known  as 
invert-sugar.  It  is  produced  in  plants  from  starch  by  the  action 
of  vegetable  acids,  and  is  also  present  with  sucrose  in  beets  and 
other  roots.  It  is  the  form  in  which  carbohydrates  are  absorbed 
into  the  blood,  and  is  present  in  diabetic  urine.  It  is  manufac- 
tured on  a  large  scale  by  heating  starch  or  cellulose  with  dilute 
acids  (1  per  cent.  H2SO4),  excess  of  acid  being  removed  with 
chalk.  It  is  cr}'stalline  (small  cubes  or  square  plates)  if  an- 
hydrous; it  is  only  half  as  sweet  as  sucrose,  and  soluble  in  its 
own  weight  of  water  and  in  dilute  alcohol.  With  yeast  it  fer- 
ments to  alcohol  and  COo,  and  also  may  undergo  lactic-acid  (in 
presence  of  milk  or  cheese)  or  butyric-acid  fermentation. 

C0H12O6  =  2C3H6O3       2C3H6O3  =  C4H8O2  +  2CO2  +  2II2 

By  oxidation  it  is  changed  to  saccharic  (CellioOs,  isomeric  with 
mucic  acid)  or  oxalic  acid.  It  is  a  strong  reducing  agent  (1 
molecule  =5CuO).  It  aids  the  solution  of  lime  in  water.  It 
is  used  in  food  as  syrups  and  in  preserves,  confectionery,  and 
artificial  honey;  also  in  printers'  rollers  and  copying  inks. 

Ezperiment. — Show  reducing  action  of  dextrose  on  an  alkaline 
aqueous  mixture  of  some  Bi  salt  >iote  the  change  from  white  to  gray  or 
black. 

Levulose  occurs  with  dextrose  as  invert-  or  fruit-  sugar. 
The  purest  is  obtained  from  inulin.  It  appears  as  needle-shaped 
crystals  or  a  thick  syrup,  which  prevents  dextrose  from  crystal- 
lizing. It  responds  to  the  dextrose  tost  with  two-thirds  as  much 
reducing  power.  Both  dextrose  and  levulose  can  be  prepared 
synthetically  (acrose)  from  IICOH  by  treating  with  milk  of 
lime.  It  is  used  as  a  substitute  for  cane-sugar  in  diabetes,  since 
it  is  readily  oxidized.  Many  fruit  juices  bcn^ome  levorotatory 
when  fermented,  since  dextrose  ferments  more  readily  than 
levulose. 

Iloney  (mel)  is  a  syrupy  solution  (levorotatory)  of  dextrose 
and  levulose,  with  particles  of  wax.  Nectar  is  sucrose.  I^evu- 
lose  can  be  separated  from  dextrose  by  adding  slaked  lime  to  the 
solution,  pptg.  levulose,  filtering,  and  pptg.  lime  with  COo,  leav- 
ing dextrose  in  solution. 
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Test  for  Levnlose. — Dissolve  resorcin  in  20  per  cent.  HCl  and  heat 
a  little  of  this  with  solution  to  be  tested,  getting  a  red  color;  also  a 
ppt.,  which  dissolves  in  alcohol  with  a  red  color. 

GalactoPe  is  obtained  from  lactose  or  gums  by  hydrolysis, 
and  is  present  in  koumiss  and  kefir.  It  does  not  ferment  with 
yeast,  but  reduces  Cu  solutions.  On  oxidation  it  is  changed  into 
mucic  acid. 

Many  unimportant  compounds  are  produced  by  the  oxi- 
dation of  hexatomic  alcohols.  Ehamnose  has  the  formula 
CfiHioOr,;  glycerose,  C3H6O3;  ervthrose,  C4H8O4;  mannose 
(from  mannite),  C0H14O0.  Pentosanes  are  plant-products 
yielding  pentoses  by  hydration.  Inulin,  from  elecampane,  is  an 
example;  arabinose,  C5H10O5,  is  another.  Scyllite  is  a  sugar 
obtained  from  fishes.  Bioses  and  trioses  are  composed  of  2  or  3 
molecules  of  glucose  with  HoO.  On  heating  invert-sugar  with 
dilute  mineral  acids  it  yields  levulinic  acid,  C5H8O3,  and  humous 
substances.  Melitose  or  raffinose  is  a  trisaccharid,  C18H32O10.- 
5H2O.    It  is  present  in  manna  and  in  sugar-beets. 
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The  glucosids  are  compound  ethers  which,  under  tlie  influ- 
ence of  ferments  or  dilute  acids  or  alkalies  take  up  H2O  and 
split  into  glucose  and  other  products.  They  are  generally  neu- 
tral, soluble  (except  in  ether),  and  crystalline.  Many  are  optic- 
ally active  (levo  rota  tor}').  Some  contain  N.  They  are  usually 
of  vegetable  origin  (often  accompanied  by  a  ferment)  and  are 
extracted  with  wat^r  or  alcohol,  decolorized  with  animal  char- 
coal and  crystallized.  They  can  be  made  S}Tithetically  from 
glucoses  dissolved  in  alcohol,  into  which  IICl  gas  is  passed. 
They  are  incompatible  with  free  acids,  alkalies,  or  ferments. 
Their  names  nearly  all  end  in  in  (Latin,  inum) — exceptionally 
in  eitji,  cgol,  or  idin. 

The  neutral  principles  (glucosidal  and  nitrogenous)  of 
plants  include  some  of  the  most  important  remedies.  The  glu- 
cosids may  be  of  service  to  the  plant  as  potential  sugars.  Sapo- 
nins are  strong  emulsifying  agents  and  are  important  constitu- 
ents of  digitalis,  senega,  sarsaparilla,  squill,  guaiac,  quillaja.  The 
tannins  are  extremely  abundant,  occurring  chiefly  in  barks  and 
leaves,  sometimes  in  globular  masses.  The  juice  of  opium  has 
no  starch  or  tannin,  while  that  of  catechu  has  40  per  cent,  tan- 
nin; pinus  canadensis,  14  per  cent.;  kino  and  red  gum,  45  to 
55  per  cent.  The  purgative  derivatives  of  anthraquinone  com- 
prise emodin  (rhubarb,  aloes,  senna,  frangula)  and  the  neutral 
"chrysoplianic  acid^'  (senna,  cascara  sagrada,  rhubarb).  These 
dissolve  readily  in  alkalies  (set  free  by  alkalies  of  intestine)^ 
giving  a  rod  color  (alkaline  urine). 

Absinthin. — Bitter  principle  of  wormwood.     Absinthe  is 
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sweetened  dilute  alcohol  flavored  ivith  oil  of  wormwood  and 
colored  wilh  chlorophyl. 

Adonidin. — ^Adonis  vernalis;  cardiac  tonic, 

^aricin.— From  white  agaric,  a  poiBonous  mushroom; 
checks  liyperidroi^iE. 

Amy^alin  (C2(jH27N0i,). —  White,  erj-stalline  powder; 
bitter  almond,  cherry-laurel,  etc.;  dilute  acids  convert  into 
destrosp,  benzoic  aldchyd,  and  HCN;  same  change  spontaueouB 
in  aqueous  extracts,  owing  to  action  of  ferment  emulsin. 

Apocynein  and  Apocynin. — From  apocynum. 

Arbutin.- — TJva  ursi;  bitter  diuretic.    Yields  hydroquinone, 

Aiparagin. — Asparagus;   diuretic. 

Baptisin. — Baptisia  tinctoria;  purgative. 

Bryonin. — Bryonia-root;  hydragog, 

Cactin .^Cactus  grandiflora;   acrid,  rcBinous  cardiac  tonic. 

Cathartic  Acid. — Senna  and  rhubarb.  Cathartic  acid  is 
realty  a  mixture  of  the  anthraqui nones  emodin,  isoemodin,  and 
chrjsophanic  acid. 

Cerebrin. — Brain-  and  nerve-  tissue;  yields  galactose  or 
cerebrose. 

Chitin. — Shells  of  cruataeea;. 

Chiywphan. — Rhubarb.  Chrysophanic  acid  ia  formed  from 
the  glucosid  chrj-sophan  in  the  presence  of  water;  alcoholic 
extracts  are  free  from  it. 

Cimicifngin. — Cimicifuga;  bitter. 

Colocynthin. — ColocjTith-lruit;   purgative. 

Coloring:  Principles. — See  "Indican,"  "Carminic"  and  "Ku- 
berythric  Acids,"  and  "Xanthorhamnin." 

Coniferin. — Woody  tissue  of  sugar-cane  anS  cambial  juice 
of  conifers;   yields  vanillin  with  CrOg. 

Convallamarin. — Convallaria ;   heart-tonic. 

ConTolvnlin. — Jalap;  drastic  purgative. 

Cotoin. — Active  principle  of  eoto. 

Sigitalin  (CnH^On).— White,  amorphous,  bitter  substance 
from  leaves  of  fox-glove;  soluble  in  1000  HjO  or  100  dilute 
alcohol :  yellow  solution  with  HCl.  Digitalis  leaves  contain  the 
glueoeids  digitoxin  (active  and  very  tosic,  soluble  in  alcohol) 
and  digitophyliin ;  also  the  body  digitonin  (amorphous,  yellow, 
soluble  in  water;  diuretic  only).  The  seeds  contain  digttalin 
U)d  very  little  digitosin.  The  digitalins  of  commerce  are  usually 
a  mixture  of  some  of  these  bodies  and  tlieir  decomposition 
products.  The  glucoeids  of  digitalis  are  more  soluble  in  water 
than  in  alcohol,  digitonin  serving  as  a  saponin  principle  to  ren- 
r  the  others  absorbable.     Digitalin  ia  the  chief  constituent  of 

-pbous  digitalin;  digitoxin,  of  the  Grystalline.  In  old  in- 
I  and  when  the  leaves  are  stored  damp,  digitalin,  digi- 

1,  and  digitoxin  decompose  into  resins  acting  like  picrotoxin. 

IT 
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Test  for  Digi toxin. — To  a  very  dilute  solution  in  5  c.c.  of  dilute 
acetic  acid,  add  one  drop  of  very  dilute  FeCls,  and  pour  at  once 
upon  H2SO4.  It  shows  a  contact  band  of  blue-green,  becoming  a  dark 
blue  (red-brown  toward  H2SO4) ;  the  acetic  acid  gradually  turns  green. 
Digitalin  can  be  removed  from  alcoholic  or  aqueous  solutions  by 
agitating  with  freshly  pptd.  Pb(0n)2.  The  lend  ppt.  takes  on  a  flesh 
color  on  treating  with  H2SO4,  turning  a  bright  green  on  adding  Br 
water.  On  evaporating  a  solution  of  commercial  digitalin  with  a  drop 
of  H2SO4,  w^e  get  a  reddish-brown  color,  which  turns  violet  on  ex- 
posing to  vapors  of  Br. 

Dulcamarin. — From  dulcamara. 

Emodin. — Bark  of  cascara  (cascariii)  sagrada  (3  per  cent.)? 
aloes,  rhubarb  and  senna  leaves;  bitter  laxative. 

Ergatinic  Acid. — ^A  sapotoxic  nitrogenous  glucosid  in  ergot. 

Esculin. — Bark  of  horse-chestnut. 

Frang^in,  or  Bhanmoxanthin.  —  Bark  of  cascara  sagrada 
(16  per  cent.)  ;  tasteless  laxative,  as  active  as  emodin;  extracted 
with  water  and  ammonia,  condensed  on  water-bath,  rendered 
alkaline  with  milk  of  lime  (acids  ppt.  cascara). 

Fraxin. — Ash-bark.    Fluorescent. 

Qentiopicrin  and  Qentisin. — Gentian-root.  Eeact  like  tan- 
nin with  iron. 

Qlycyrrhizin. — Licorice-root;  quinin  and  acids  incom- 
patible^— form  resinoid  bitter  and  sugar,  like  glucose. 

Oynmemic  Acid. — Kavali,  mera-singi,  C32H55O12;  from 
gymnoma  sylvestris;  white,  soluble  powder;  temporarily  destroys 
taste  for  sweet  and  bitter. 

Helenin. — Elecampane. 

Helleborin  and  Helleborein. — Black  and  green  hellebore. 

Hesperidin. — Orange-peel ;  bitter. 

Jalapin. — In  scammony  and  jalap-resin;    soluble  in  ether. 

Test  for  Convolvnlin  and  Jalapin. — Dissolve  in  H2SO4,  getting 
with  convolvulin  a  bright-red  color,  turning  olive-green  on  adding  a 
fragment  of  K2Cr2^7-  Jalapin  yields  a  maroon  color  on  dissolving;  a 
reddish  color  and  rancid  butter  odor  on  adding  K2Cr207. 

Leptandrin. — Leptandra,  or  Culverts  root. 

Myronic  Acid  (C10H19NS2O10). — In  black  mustard  as  K 
salt  (sinigrin) ;  this  salt  decomposed  by  ferment  mjrrosin  as 
follows : — 

KC10H18NS2O10  =  C6H12O6  -f  C8H5NC8  +  KHSO4. 

ally!  moBtanl-oil 

Mustard  plasters  are  rendered  inert  by  boiling  water^  which 
coagulates  ferment  myrosin  and  prevents  formation  of  snlpho- 
cyanate,  to  which  the  mustard  owes  its  virtue. 

Phloridzin. — Eoot-bark  of  apple,  pear,  plum,  and  cherr}'; 
causes  glycosuria. 

Phloridzin  (C21H04O10)  +  H2O  =  phloretin  (Ci5Hi40fl) 

+  C6H12O6. 

Picrococin. — In  saffron. 
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Podophyllotozin. — Chief  active  principle  of  podophyllum. 

Test. — Both  podophyllin  and  podophyllotoxin  can  be  removed  from 
an  acid  aqueous  liquid  by  shaking  with  chloroform.  Both  arc  colored 
dark  vello wish-green  by  Mandolin's  reagent  (0.5  ammonium  vanadate 
in  100  iloS04). 

Populin. — Bark  and  leaves  of  trembling-poplar;  with  ben- 
zoic acid. 

Quercitrin. — Sumach  and  grape-vine  and  oak  and  oilier 
liarks;   coloring  principle. 

Salicin  (C13H18O7). — ^Willow-bark  and  leaves;  combination 
of  CcHioOe  and  oxybenzyl  alcohol,  C6n40H.CIl20H;  white, 
iTvstalline,  soluble  in  28  lloO  or  GO  alcohol;  II0SO4  turns  deep 
red. 

Santonin  (C15H18O3) .  —  Womiseed ;  shiniufr,  colorless 
prisms,  turned  yellow  by  light;  sparingly  soluble  in  llo^^.  l>iit 
more  so  in  alcohol  and  ether. 

Identification  of  Santonin. — V7arm  on  porcelain  and  add  II2SO4 
and  an  equal  volume  of  very  dilute  FeCls.  A  red  color  is  dovclojxMl. 
turning  purple,  tlien  violet. 

Saponin.  —  Quillaja,  senega,  sarsaparilla,  horse-chestnut, 
etc.;  white,  friable  powder;  frothy  foam,  like  soap.  The  sapo- 
toxins  are  physiologically  active. 

Identification  of  Saponin. — (.*anary  color  on  adding  a  drop  of  cone. 
H25?04,  gradually  turning  purple  on  moistening  with  II^O,  blcaehing 
after  some  hours. 

Scammonin. — Scammony-resin ;    soluble  in  ether. 

Scillitin. — Squill-bulbs;  expectorant  and  diuretic.  Scilhi 
contains  scillin,  scillain,  scillitoxin,  scillipicrin  and  sinistrin; 
also  considerable  mucilage  and  raphides  of  CaCo04. 

Scoparin. — Scoparius ;  heart-tonic. 

Solanin. — Solanum  species  and  potato-sprouts;    poisonous. 

Sinalbin. — White  mustard. 

Strophanthin. — Seed  of  African  climbing  plant,  used  for 
arrow-poison;  heart-tonic. 

Test. — Strophanthus  gives  a  green  color  with  II2SO1  (SO  per 
cent.),  fading  through  blue  to  red.  Strophanthin  yields  a  red  color 
when  treated  first  with  sodium  nitroprussid  and  then  with  an  alkaili.  It 
dissolves  in  75  per  cent.  112^04  with  a  fine  violet  color  (sensitive  to  0.5 
mg.).  An  aqueous  solution  treated  with  a  trace  of  FeCI.j  and  thou  with 
rone.  II2SO4,  yields  a  brown  ppt.,  turning  emerald  after  an  hour  or  W). 

Tannin  (C14H10O0).  —  Wide  dislril)uiion  :  acid  reaction: 
soluble,  astringent,  bitter;  incompatil)le  with  nearly  cverv- 
thing;  tea,  leather,  inks,  dyeing.  Styptic  collodion,  a  saturated 
solution  of  tannin,  is  a  valuable  styptic,  particularly  for  bleed- 
ing giiniB.  Tannin  yields  dextrose  and  gallic  acid  on  liydrolysis. 
Pathologic  tannins  give  a  blue-black  color  with  ferric  salt- 
physiologic,  a  green-black. 
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Experiment. — lioil  1  gm.  of  tannin  for  fifteen  minutes  in  10  c.c.  ol 
5-per-cent.  H2SO4;  then  neutralize  with  excess  of  marble-dust  and  test 
filtrate  for  glucose. 

Taraxacin. — Taraxacum;   bitter. 


VEGETABLE  COLOBINQ  HATTEBS. 

The  coloring  matters  of  plants  are  of  no  direct  therapeutic 
value,  and  appear  to  be  chiefly  benzol  derivatives.  The  brown 
phlobaphenes,  or  resinoids,  give  color  to  most  barks.  Color 
granules  are  often  visible  with  the  microscope — bright-yellow 
berberin  in  golden  seal;  red  granules  in  sanguinaria.  Some 
woods  (logwood,  santal)  contain  colorless  crystals,  which  turn 
red  on  oxidation.  If  leaves  dry  very  slowly,  oxidases  and  organic 
acids  change  their  color  to  yellow  or  brown.  The  bright  color 
of  chlorophyl  is  retained  by  some  secret  process — boiling  a  solu- 
tion tends  to  preserve  the  color.  Ked  hues  (often  interchanging 
with  blue)  serve  as  a  protection  against  cold,  and  frequently 
appear  after  wounds  of  the  plant  tissues.  They  are  most  promi- 
nent in  plants  and  parts  of  plants  rich  in  sugar.  Red  colore 
are  changed  to  green  by  NallO  if  due  to  fruits;  to  blue  or 
purple  when  of  other  vegetable  origin.  Anilin  dyes  are  usually 
not  changed. 

Litmus. — A  lichen;  litmic  acid,  red;  salts,  blue.  This  and 
other  lichens  are  extracted  by  mixing  with  urine  (ammonia 
develops  dye)  for  some  time,  then  saturating  with  chalk.  Litmus 
contains  azolitmin  (blue;  soluble  in  water)  and  erythrol  (solu- 
ble in  alcohol),  which  should  be  removed  with  boiling  alcohol. 

Archil  and  Cudbear. — Lichen  dyestuflfs;  orcin  (dihydroxy- 
toluene)  in  former  changed  into  orcein  by  treating  with  1^114110. 

Curcumin. — Eesin  of  turmeric  root;  yellow  color,  turned 
Ted-brown  by  alkalies;  soluble  in  CHCI3  (saffron  and  mustard 
not)  and  in  alcohol  (not  in  water)  ;  used  to  color  mustard, 
vchow-chow,  and  vermicelli. 

Chloropliyl. — Kesinoid  mixture  gf  xantho-  and  crythro- 
^(C4oOHfi4N204) ;  combined  with  Fe;  necessary  to  life  and 
growth  of  plants;  soluble  in  alcohol  and  ether,  but  not  in  water. 
Chlorophyl  transforms  red  rays  into  chemic  energy.  The  vari- 
ous color  tints  of  leaves  and  fruits  are  due  to  the  mingling  of 
chlorophyl,  xanthophyl,  and  erythrophyl. 

Hematoxylin. — Logwood ;  yellow  solid,  red  liquid ;  dye  and 
ijecti(m-stain. 

Kramerin. — Keddish  coloring  matter  in  krameria. 

Carthamus.  —  Safflower;  contains  yellow  and  red  (cartha- 
min)  principles,  the  latter  soluble  in  alcohol,  not  in  water. 

Alkanet. — Contains  alkanet  red,  or  anchusin.  Used  for  col- 
oring tinctures  and  oily  liniments. 

Garminic  Acid. — Coloring  constituent  of  cochineal  (dried 
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female  ini^wtti  on  cactuses) ;  carmin  prepared  by  extracting 
cochineal  with  H5O  and  pptg,  with  alum  and  lime — reddish- 
parple  magma  soluble  in  water  and  alcohol  and  NH^UO.  Face- 
rouge  is  carmin  with  starch  or  French  chalk ;  lac-dye  is  a  cheap 
form  of  cochineal. 

Indican. — In  woad  and  indigo  plant;  acids  or  fermentation 
change  to  indigo-blue  and  indiglucin.  Indigo-blue  or  indigotin 
(CiflHioNoOo),  insoluble  in  nJcobol,  water,  or  ether:  eoluble 
in  H2SO4  or  CHCI3;  reduced  to  indigo-white  (CigHiaNaOo) 
by  nascent  H;  has  been  prepared  synthetically  from  toluene  or  ■ 
naphthalene.  Indigo  includes  i.  blue,  i.  red  and  i.  brown.  Its 
sp,  gr.  is  1.4,  but  it  floats  on  water.  It  sublimes  with  a  dis- 
agreeable odor.  When  indigo-blue  is  oxidized  it  is  changed  to 
iiatin,  which  is  yellowish-brown — a  test  for  IINO3. 

Experiment. — Rendur  a  dilute  solution  of  lactose  bEue  with  indigo- 
Fanning,  anil  moke  alkaline  with  Na^COj.  On  berating,  bj  deoxidation, 
th«  Uae  color  beoomes  red,  then  yollow  and  nearly  colorlese.  On  cool- 
ing and  rroiidiEJug,  by  pouring  the  eolation  rtpeatediy  from  one  test- 
liibe  into  another,  the  colors  reappear  in  Tcverse  order. 

Knberythric,  or  Babianic,  Aoid.  —  A  glucosid  in  madder- 
root;  yields  by  fermentation  alizarin  (turkey-red)  andpurpurin. 

Xanthornamnin. — Coloring  matter  of  buckthoro,  or  Rham- 
nus  linctoria. 

Bixin  and  Orellin. — Red  and  yellow  scales,  fruit  of  B. 
oreUana;  colors  yellow  (annatto  or  annotto — ^butter).  HbSO^ 
gires  a  blue  color,  turning  yellow  on  adding  water, 

Brasilin. — Brazil  wood;  amber  yellow;  fused  with  KHO 
yidds  resorcin. 

Skffnnin,  or  Crocin  (Polychroit). — Glucosid  in  saffron,  or 
crocus;  colors  food  yellow.  Cooc.  II^SO^  gives  a  marked  blue 
color  with  genuine  crocus. 

Santalin. — Crystalline  resinoid  in  red  saundors  wood;  also 
barwood  and  camwood.    Used  in  phanuacy  for  coloring  tinctures, 

Kamala  contains  a  red  coloring  matter :  catechu  and  kino, 
each  a  red  dye.  Other  natural  vegetable  coloring  matters  are 
those  in  fustic,  or  yellow,  ivood;  Persian  berries  (rhamnin) ; 
quercitron  bark  (quercitrin) ;  weld  (luteolin);  and  buckthorn 
berries  (sap-green,  bladder-green,  Chincsc-grecn,  loka.o). 


COAL-TAK  COLORS, 

The  syntlietic  coal-tar  colors  (mostly  from  benzene)  have 
liigb  coloring  power,  and  are,  as  a  class,  soluble  in  water  or  alco- 
hol. Common  types  are  nitro-  and  nitroso-  colors  (naphtol  yel- 
low, naphtol  yellow  S,  naphtol  green,  picric  acid),  Soudan  or 
azo-  colors  (methyl-orange,  Bismarck  brown,  Congo  red),  thio- 
compounds  (methylene-blue,  CiGlIi8NnSCI),and  pheoylmcthanc 
denratiree   (malachite-green,  magenta  or  fuchsin,  cosins,  rho- 
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daminp,  methyl-violet  or  pyoktanin-blue,  phenolphthalein) . 
Affixed  letters  usually  refer  to  shades  of  color,  as  J  (jaune,  yel- 
low), JJ  (stronger  yellow),  0  (orange).  S  usually  indicates 
sulphonation. 

Basic  anilin  dyes  are  employed  chiefly  in  bacterial  stains; 
neutral  and  acid  dyes,  also  in  examining  tissue  cells.  Basic  dyes 
may  be  separated  from  alkaline  (KOII)  solutions  by  shaking 
out  with  ether;  acid  dyes  also  with  ether,  after  acidulating  with 
acetic  or  hydrochloric  acid.  Anilin  dye  stains  are  removed  by 
washing  with  soap  (or  ammonia),  then  alcohol. 

Alizarin  (ortnodioxyanthraqTiinone) 

Cc^4  \  CO  /  ^6^2'  (  OH  )  2 

is  obtained  from  madder-root  (Rubia  iinctoria);  now  usually 
formed  by  synthesis  from  anthracene.  Fine  red  crystals,  readily 
solul^le  in  alcohol  and  ether.  Turkey- red  dye;  violet  or  purple 
with  alkalies;  various  colored  lakes  with  metallic  oxids:  red 
with  Al  and  Sn,  violet^black  with  Fe,  reddish  blue  with  Ca. 
Xaphthazarin,  or  alizarin-black,  is  dioxjuaphthoquinone  [Ciq- 
H4(OII)o02].  Alizarin-orange  is  obtained  by  the  action  of 
N0O4  on  alizarin;  alizarin-blue  by  heating  alizarin-orange  with 
glycerin  and  H2SO4.  Alizarin-brown,  or  anthragallol,  ia  an 
isomer  of  purpurin,  or  trioxyanthraquinone  [Ci4H5(0H)30o]. 
Triphenyl-methane  Coal-tar  Dye-colors.  —  Malachite-Grreen 
Group  of  Diamido  Derivatives,  —  Malachite-green  (colorless 
base)  : — 

rC«H4N(CIT3)o 

nc^CcH4N(  0113)2 


ICoH 


Coniniercial  dyestufT:  chlorlivdrate  or  ZnClo  double  salt. 

liosanilin  Group, — Fuchsin,  or  magenta;    chlorhydrate  of 

roFanilin: — 

0]CflH4NH2 
( CcHjNH.nCl 

Pyoktanin-blue  (methyl-violet)  is  penta-  and  meta-methyl- 
rosanilin  hydrochlorid.  It  is  antiseptic  and  analgesic^  and  is 
used  for  woimds,  ulcers,  and  malignant  growths.  Pyoktanin- 
yellow  (apionine,  medicinal  auramine)  is  also  antiseptic,  and  is 
used  ill  skin  diseases.  Methyl-blue  is  poisonous;  methylene- 
bluo  is  medicinal.  A  small  quantity  of  NaHO  added  to  a 
methyl-blue  solution  (blue)  turns  it  purplish-red,  while  a  methyl- 
enc-bliio  solution  (green)  becomes  a  deep-violet  color. 

Phihalrin  Group. — Produced  by  reaction  of  a  molecule  of 
phthalic  anhydrid  [^6^^^4(00)00]  on  2  molecules  of  phenol. 
with  liberation  of  HoO.  Phenolphthalein  is  an  indicator  for 
alkalies  (Cooni404)  ;  fluorescein,  or  resorcin-phthalein,  is  used 
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as  the  Xa  salt  (uraDin)  to  dye  wool  yellow;  eosin  is  the  X  salt 
of  tetrabrom-fluorescein,  and  dyes  silks  and  woolens  reddish. 
The  rhodamins  are  phtiialein  derivatives  of  1-3  amidophenol. 
Erythrosin  is  tetraiodofluorescein.  Methyl-orange  is  dimethyl- 
aniido-azo-beuzol  sulphonate.  Soudan  I,  or  auilin-azo  -)S-naphtol, 
is  an  orange-red  color  sometimes  employed  in  liquors.  Naphtol- 
yellow  (Martins^)  is  dinitroalphanaphtol ;  naphtol-yellow  S  is 
a  snlphonated  derivative.  Scarlet  red,  the  Na  salt  of  amidoazo- 
benzeneazobetanaphtoldisulphonic  acid,  is  used  as  an  ointment 
in  the  treatment  of  ulcers. 


NEUTRAL  BITT£K  PBINCIFLES. 

Aloms. — Yellow,  bitter,  minute  needles  from  Aloes  Barba- 
densis  or  Socotrina  (12  per  cent.)  ;  slightly  soluble  in  water, 
but  more  so  in  alcohol ;  barb-,  soc-,  or  nat-  aloin. 

Identiiication  of  Aloin. — Dissolve  in  strong  H2SO4  and  a  little 
HNO3,  and  dilute  with  H2O:  A  yellow  color  (blue,  nataloin;  no  color, 
socaloin ) ,  turning  deep  claret  with  excess  of  NH4HO. 

Cantharidin  (C10H12O4). — Spanish-fly  blister. 

CimicifTLgin. — Black  snakeroot. 

Cotoin. — ^Bolivian  coto. 

Cnbebin. — Cubeb-berries ;  neutral,  waxy,  inert. 

Elaterin  (C20H28O5).  —  Neutral  principle  deposited  by 
juice  of  "squirting  cucumber^'  (44  per  cent,  of  elaterium) ;  most 
powerful  hydragog  known.  Elaterin  yields  a  carmine  color  on 
treating  with  H0SO4  containing  a  trace  of  phenol. 

ETLonymin. — ^Wahoo-bark. 

PhytolacciiL — Crj-stalline  subst^ince  from  poke-  root  and 
fruit. 

Picrotoxin. — Cn-stallinc  bitter  convubant  from  Cocculii^ 
Indie  us. 

Serpentaria. — A'irginia  snakoroot. 

Qoassin. — Quassia-bark;   simple  bitter. 

Euonymin  is  the  bitter  principle  of  euonymus;  viburnin, 
of  the  viburnums;  villosin,  in  rubus;  daplmin,  in  mezereum; 
nucin,  in  juglans.  The  neutral  active  principle  (kosotoxin)  of 
cus.<K)  is  present  only  in  the  femalo  inflorosconcc.  Ca])?^nicMn.  the 
most  important  part  of  capsicum,  is  a  neutral  crystalline  prin- 
ciple extracted  with  benzin  or  gasolin.  Colocynth  has  6  per  cent. 
of  the  active  bitter  body  colocynthin,  which,  by  fleoom posit  ion, 
yields  colocjTithein  (still  more  activf).  Bitter  principles  an 
pronounced  in  marrubium  (niarriibiin),  chirata  (oplielie  acid), 
Scutellaria  (a  glucosid),  rhubarb  (rhein — cathartic  principle), 
arnica  (amicin),  calamus  (acorin),  casoarilja  (cascarillin), 
licorice  (glyc)Tamarin),  and  buchu  (barosniin,  or  diosniin;  diu- 
retic).   Chr3'Barobin  stains  can  bo  removed  with  dilute  KOIF. 
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PHENOLS. 


These  are  substitution  products  of  benzene,  in  which  one 
or  more  atoms  of  H  are  replaced  by  OH.  They  stand  between 
organic  acids  and  true  alcohols;  tliey  differ  from  alcohols  in 
not  oxidizing  to  aldehyds  and  acids,  but  they  form  ethers. 

Phenol  (phenic,  phenylic,  or  carbolic  acid,  hydroxybenz- 
ozybeozene) ,  CoHiii.OH,  is  manufactured  from  coal-tar  oil  dis- 
tilled at  150°  to  190°.  It  is  purified  by  treating  with  lime  and 
HCl,  and  by  repeated  distillation.  It  appears  in  crystals  with 
characteristic  aromatic  odor  and  sweet,  burning,  and  numbing 
taste.  It  fuses  at  35°  to  41° ;  b.  p.,  178°,  and  is  liquefied  by 
.08  pnrt  and  soluble  in  20  of  H2O  and  in  nearly  every  other 
solvent.  It  is  neutral  or  faintly  acid.  It  coagulates  albumin  and 
collodion.  Phenol  is  a  valuable  surgical  antiseptic,  but  very 
poisonous.  The  salts  of  phenic  acid  are  termed  phenates  or 
carbolates,  as  NaCflHjO. 

Identifloatlon  of  ThesDl. — FeCla  gives  a  permanent  violet  color. 
Alcohol,  ammonia,  mineral  acida  and  some  neutral  salta  interfere  with 
this  reaction.     Br  water  gives  white  ppt.  of  tribromphenol. 

A  fourth  vuluTne  NH4HO  and  1  nr  2  iftt.  NaClO  iolution  on  warm- 
ing give  a  blue  or  green  color,  turning  red  on  acidulating  with  HCI. 
FeS04  BhowB  a  violet  rolor. 

Cresol  (cresylic  acid),  C,)H4.CH;;.0H,  is  obtained  from  coal- 
tar  by  fractional  distillation  at  a  higher  temperature  than  phenol. 
Among  its  derivatives  arc  creoUn,  lysol,  and  solveol, 

(^eoBote  is  a  mixture  of  phenols,  especially  guaiacoS,  CeH4.- 
OH.OCHa.  and  creosol,  or  wood-tar,  CnH3.CH3.OH.OCH3,  ob- 
tained from  coal-tar.  It  is  a  yellow,  oily  liquid  with  smoky  odor 
and  burning  tnete,  soluble  in  150  H2O  and  freely  in  other 
Holvents,  except  glycerin;  b,  p.,  205°  to  215°;  miscible  with  an 
equal  volume  of  collodion.  It  is  used  chiefly  ns  an  intestinal 
antiseptic. 

The  official  creosote  is  a  distillate  from  beechwood-tar,  which 
may  contain  a."  much  as  25  per  cent,  creosote.  Commercial 
creosote  is  used  for  preserving  timber. 

Identification  of  Cieoiote. — FeClj  gives  a  violet  color,  changing 
to  green  and  brown. 

Acetaldehyd  yields  a  carmine  solution.  Pure  guaiacol  forms 
8  green  liquid  with  codo.  HnSO^. 

Creosote  docB  not  coagulate  collodion,  and  is  insoluble  in 
glycerin.  A  splinter  of  pine  does  not  turn  blue  when  dipped  in 
creosote,  then  HCI.  as  phenol  does. 

Sesorcin,  CaH4(OH)3,  appears  in  colorless  crystals  which 
have  a  sweet  taste  and  are  very  soluble.  It  is  formed  by  fusing 
resins  with  eaustic  alkalies.  It  is  only  sliphtly  poisonous,  and 
is  used  as  a  gastrointestinal  antiseptic  and  in  manufacturing 
dyes.     FeCl3  gives  h  blue  or  violet  color  with  weak  solutions. 
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Pyrocatechm  (catechol)  and  hydroquinone  are,  respect- 
ively, ortbo-  aud  para-  dibyilroxy-benzene.  The  latter  is  used  in 
photography  as  fl  reducing  agent.  Guaiacol  ia  monomethyl 
catechol;  its  carbonate  is  prepared  by  saturating  with  NaKQ 
and  treating  with  COCI2. 

Fjrrogallin  [CoH3(OH)3]  appears  in  glistening,  white,  gen- 
erally soluble  needles,  prepared  by  heating  gallic  acid  to  200°, 
by  which  CO2  is  driven  off.  It  is  a  good  reducing  agent,  and 
ifl'  used  as  a  developer  (deoxidizing  agent)  in  photography.  It 
tnrns  red  with  ferric,  blue  with  ferrous,  salts.  It  gives  a  brown 
color  to  the  hair. 

Experiment. — Kbow  rapid  oxidntion  (darkpning)  of  pyrognllin 
vriUi  alcoholic  eolutioo  of  KBO  when  exposed  to  tlie  air.  For  the  same' 
reason  it  fumiabes  a  delicate  teat  for  traces  of  IINO3. 

Eugenol,  CflHa.CaHB.OCHg.OH,  is  a  yellowish  fluid  con- 
tained in  oil  of  cloves  and  other  ethereal  oils.  It  is  the  com- 
mercial source  of  vanillin. 

Protocatechnic  acid  is  CaH3(OH)2COOH.  Vanillin,  the 
odoriferous  principle  of  vanilla  beans,  ia  methylprotocatechnic 
aldehyd,  and  is  prepared  synthetically  by  several  processea. 

Phloroglncin.  1:3:5  ChH3{OH)3,  is  obtained  by  fusing 
phenol  with  KOH.  It  is  used  with  vanillin,  dissolved  in  alcohol, 
to  delect  free  llCi. 

Anthraqninone,  di  phenyl  enediketone.  occurs  in  yellow 
needle.s.  On  treating  with  H2SO4  and  then  soda  and  KClOa, 
it  yields  alizarin  or  dihydroxyanthraquinone: — 

C.H.<gg>C.H,(ONa), 

This  produces  variously  colored  compounds  with  metallic  oxids — 
turkey  red  with  Al,  blue  with  Ca,  dark  purple  with  ferric  salts, 

Alixarin  monoiodium  snlphonate  is  a  yellow  reagent  used 
for  free  acid  in  gastric  juice.  It  turns  violet  by  excess  of  caustic 
soda,  through  the  formation  of  the  disodiura  derivative, 

Sofrol,  CbH3.C3H5.02CH2,  is  found  in  oils  of  sassafras  and 
camphor  and  other  volatile  oils.  It  is  a  colorless  or  faintly 
yellow  liquid  ;  sp.  gr.,  1.1. 

Phenolpbthaleiu,  C^riEnOi,  is  prepared  by  dehydrating 
phthalic  acid,  CuH^{C00H)2,  by  heating  and  then  treating  the 
nnhydrid  with  phenol  in  presence  of  H2S04,  which  removes 
another  molecule  of  HjO.  It  is  a  valuable  indicator  in  alkal- 
imctrv. 

the  naphtols  (  aandjS),  CidUtOII,  are  similar  to  the 
phenoU,  being  intestinal  antiseptics  derived  from  naphtalene. 
Bcla-naphtol  is  used  medicinally,  as  aipha-naphtol  is  poisonous. 
It  appears  in  shining  plates  with  carbolic  odor  and  burning 
tn«t^.  It  is  readily  soluble  except  in  H2O  (1000  parts).  Aque- 
ous  solutions  are  colored   green   by   FeCls-     Sodium   oaphtol 
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(microcidin),  C'loHj.ONa,  is  used  in  aqueous  solutions  as  a  dis- 
infectant for  cleansing  dental  instruments. 

Lnstgarten's  Test  for  /3-Naphtol. — Evaporate  material  extracted 
with  alcohol,  and  warm  residue  with  KOH  and  CHCI3,  getting  a  blue 
color. 

NITKO-DEEIVATIVES. 

Nitrobenzene  (mirbane  essence),  C0H5NO29  is  a  yellow  oily 
compound,  formed  by  nitration  of  benzene.  It  has  tiie  odor  of 
bitter  almonds  and  is  used  to  iBavor  confectionery  and  per- 
fumery, liqueurs  and  soaps.  It  is  the  source  of  anilin  and  coal- 
tar  dyes,  and  is  used  in  liquid  shoe  blacking. 

Picric  or  carbazotic  acid  (trinitFophenol),  CeH2(N02)30H, 
is  prepared  by  acting  on  phenol,  silk,  or  wool  with  HlfOs.  It 
ppts.  alkaloids  and  albumin,  and  is  used  as  a  yellow  dye  (for 
wool;  dilute  alkalies  decolorize)  and  in  explosives  (lyddite, 
melenite,  emmensite). 

Test. — On  warming  an  alkaline  solution  of  picrate  with  cone. 
KCN„  blood- red  potassium  isopurpurate  is  formed. 

Metadinitrobenzene,  CoH4(N02)2*  is  used  in  the  manu- 
facture of  roburite,  rifleitc^  and  other  explosives. 

Nitro-compounds  generally  give  a  purple-red  color  on  treat- 
ing with  brucin  or  anilin  and  a  drop  of  H2SO4. 

THIO-COMPOXrNDS. 

Sulphocarbolic  acid,  HSO3.C0H4OH  (phenol-snlphonic,  or 
sozolic,  acid),  is  formed  by  dissolving  phenol  in  strong  H2SO4. 
Na  and  Zn  sulphocarbolates  are  white  soluble  salts  used  as  intes- 
tinal antiseptics.  Eosolates  are  salts  (Ag,  Ca  and  quinin)  of 
the  sulphonic  acid  derivatives  of  the  aliphatic  creosote  esters. 

Ichthyol  (Na  or  NH4,  ichthyo-sulpnonate),  C26E8eS9Na20e9 
is  a  brown,  tarry,  strong-smelling  liquid,  obtained  by  dry  dis- 
tillation of  a  bitumen  found  in  Tyrol.  It  contains  aboat  10  per 
cent,  of  assimilable  S. 

Mercaptans  (so  called  from  their  aflBnity  for  HgO),  or 
hydrosulphids,  are  alcohols  in  which  S  has  replaced  0.  They 
are  liquids,  insoluble  in  H2O,  inflammable,  and  with  an  un- 
pleasant odor  like  leeks.  They  may  be  formed  by  treating 
haloid  ethers  with  XSH: — 

CoHr.Cl  -f  KSH  =  KCl  +  CgHgSH  (ethyl  mercaptan) 

Combined  with  oxids  they  yield  mercaptids;  with  aldehyds, 
mercaptals;  with  ketones,  mercaptols.  The  oxidation  of  mer- 
captans yields  sulplionic  acids;  of  mercaptols,  sulphonals.    The 

hypnotic,  sulphonal 

CHg  \p/  SO2C2H5 
CHg  /L\  SO2C2H5 
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(diethyl-sulphon-dimethyl-methane)  is  formed  by  the  reaction 
between  acetone^  ethyl  mercaptan,  and  KMn04.  It  is  a  color- 
less, tasteless,  odorless,  crystalline  substance,  soluble  in  hot 
water. 

Experiment. — On  melting  sulphonmethane  (sulphonal)  with  KCN, 
the  offensive  odor  of  mercaptan  is  perceived,  and  there  is  formed 
KSCN,  which  in  solution  gives  a  blood- red  color  with  FeCls. 

Trional,  another  hypnotic,  is  dietliyl-sulphon-methyl-ethyl- 
ni  ethane : — 

CHsXp/CoHjSOo 
CgHg/LxCoHsSOo 

and  tetronal  is  dietliyl-sulphon-diethyl-methane: — 

CjHsXp/CaHjiSOz 
CoHs/LxCoHsSOo 

These  are  soluble  in  boiling  water,  alcohol,  and  ethei*. 

Allyl  sulpliid  (''garlic  oil")>  (C3H5)2S,  is  the  most  impor- 
tant thio-ether.  It  is  obtained  from  garlic-leaves  and  the  seed? 
of  manv  cruciferae. 

AMIDO-PHENOLS. 

These  are  formed  by  reduction  of  the  corresponding  nitro- 
phenols.  The  ethyl  ethers  of  para-amido-phenol,  CQH4.OH.NH0, 
are  termed  phenetidins.  From  para-phenetidin,  C6H4.OC2H5.- 
NHo,  phenacetin  (acetparaphenetidin),  C6H4.OC2H5.NHC2- 
H3O,  is  formed  by  treating  with  glacial  acetic  acid.  It  is  a 
cr}'stalline  substance,  soluble  in  alcohol,  and  is  one  of  the  best 
and  safest  of  the  coal-tar  remedies.  Phenocoll,  or  glycocoll 
phenetidin,  has  the  formula  C«H4.0C2H5.NH.C0CH2NHo. 
Methacetin,  or  para-acetanisidin  =  C0H4.OCH3.XH.C0H3O. 


GOMPOTJND  AMMONIAS. 

Amins  are  alkyl  substitutes  of  Nil.}.  They  are  primary, 
secondary,  and  tertiary,  according  as  1,  2,  or  3  atoms  of  II  are 
replaced.  They  are  mon-,  di-,  or  tri-  when  1,  "2,  or  3  molecules 
of  NHn  are  represented.  They  contain  no  0.  They  are  char- 
acterized by  a  strong,  disagreeable  odor,  often  like  dead  fish. 
With  HNOo  primary  amins  yield  corresponding  alcohols.  Amins 
also  combine  with  acids  to  form  salts. 

All  primary  amins  when  warmed  with  chloroform  and  KOH, 
quickly  form  ver}'  offensive  earbylamins  or  isonitrils.  Imins  are 
secondary  amins  containing  the  radical  NH  (imidogen).  Ily- 
dramins  are  produced  by  introducing  amido  (NIIo)  groups  into 
alcohols  of  the  olefin  series. 

The  three  methyl  monamins  [CIIoXIIo,  (CH.OoXII,  and 
(CH3)3N]  are  found  in  herring  brine  and  many  other  docom- 
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posing  products.  The  first  is  a  comboBtible  gas;  the  othere, 
liquids.    Propylamin  is  used  as  a  nervous  sedative. 

Glnoosamii),  CgHnOaNHa,  has  be«i  isolated  from  nearly 
all  albuminoTis  bodies. 

Hydroxylamin,  NH2OH,  made  by  the  action  of  nascent  H 
on  RNOg,  is  known  only  in  solution.  The  protamine,  or  histon 
bases,  lysin  ( a-e-diamidocaproic  acid),  arginin  and  histidin 
(a-amidoearbonic  acid)  form  the  essential  nucleus  of  the  proto- 
plasmic molecule.    Thev  react  pink  to  the  biuret  test. 

Diethylen-diamin  i{C2Si)2(NII)2'],  or  piperazin,  appears 
in  rhombic  plates,  readily  soluble.  It  is  used  as  a  solvent  for 
uric  acid  and  gouty  concretions. 

Urolropin,  hexamethylen-tctramin,  is  a  crystalline  substance 
soluble  in  water,  used  as  a  genitourinary  antiseptic. 

Saccharin  (anhi/dro-orthosulpkamin-benzoio  acid),  CqU^- 
COSOiNH,^  is  a  coal-tar  product,  from  tolnol,  280  times  as 
sweet  as  cane-sugar.  It  ia  soluble  in  alcohol  and  ether,  and 
may  be  detected  by  this  fact.  The  corresponding  para  compound 
is  tasteless.  Dulcin  and  siicramin  arc  coal-tar  derivatives  similar 
to  saccharin,  and  used  to  sweeten  beer,  syrups,  jama,  pastrj-, 
chocolates,  champagne  and  other  drinks. 

Found  in  the  cadaver  are  the  diamine  putresdn  and  cadav- 
erin.  Isoamylamin  is  a  very  poisonous  ptomain  sometimes 
present  in  decomposing  j'eaat  and  cod-liver  oil. 

Cacodyl,  or  ditsrsentc  tetrametkyl  [As2(GH3)i],  is  a  color- 
less, very  poisonous  liquid  with  an  extremely  offensive  odor. 
It  takes  fire  on  exposure  to  air.  Cacodyl  oxid  [Aa2(CH3)40] 
is  formed  by  dry  distillation  of  a  mixture  of  AB2O3  and  KC2- 
H3O2.  It  is  a  poisonous,  oily  liquid  which,  when  oxidized  with 
HgO,  yields  cacodylic  acid  [(CH3)oAsO.OH],  an  odorless,  crys- 
talline substance,  non-poisonous,  and  recently  used  in  medicine 
in  the  form  of  its  salts,  best  given  intravenously.  Cyanid  of 
cacodyl  is  a  white  powder  which,  on  exposure  to  air,  gives  off  a 
very  poisonous  vapor, 

Amida  consist  of  an  acid  radical  with  the  group  amidogen, 
NH2-  They  result  when  NH2  replaces  OH  in  acids.  They  con- 
tain C,  N,  0,  and  H.  Imids  have  the  group  N"H  instead  of  NHj. 
Alkalamids  are  formed  by  replacing  3H  of  NH3  with  an  acid 
and  an  alkyl  radical;  as  NH.C2H5.CH3CO. 

Acetamid,  C2H3O.NII2,  is  prepared  simply  by  heating 
NH4C2H3O2,  driving  off  H2O.  It  appears  in  soluble  crystals 
with  a  mousy  odor, 

Carbandd,  or  urea  [(NH2)2C0'\,  was  about  the  first  or- 
ganic compound  prepared  synthetically,  by  heating  its  isomer: 
NH4CNO.  It  is  the  chief  solid  constituent  of  urine.  It  is 
related  to  H0CO3  through  the  intermediate  body  carbamJc  acid. 
NH3CO2.  It  comhinea  with  certain  acids,  forming  ureids  and 
Betting  free  IIoO. 
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2H« 


is   a   cii!orlt«g   liquid  which   coiti- 
the   soluble   crystalline   hypnotic 


Formamid,  SCUO.U^, 
bines  with  chloral  to  form 
chloral  am  id. 

PhenyUiniin,  or  aniiitij  jVi/aCaZTo,  is  a  colorless,  oily  liquid, 
h.  p.  180°,  nearly  insoluble  in  HjO.  It  is  prepared  by  treating 
CflHfl  with  HNG3  and  noBcent  11  (Fe  and  HCl).  It  combines 
directly  (without  Eubstitution)  with  acids.  It  is  a  narcotic 
poison,  and  is  the  basis  of  the  anilin  dyes  (not  poisonous),  which 
im  made  by  oxidation  processes.  Bleaching  powder  and  anilin 
give  a  purple  dye;   KoCt^Oj,  H^SJO^,  and  anilin,  blue: — 

NU^Cfilla  +  aOyUoN  (toluidin)  +  SO^CaoHigNj  (ro- 

saniiin)  +  an^o. 

EsperUneiit., — Malie  rosanilio  Iiydruc^liloraU  by  ivurmin;;  2  gm.  of 
ilgCI;  aod  3  or  4  drops  of  aniliD  until  the  color  becomes  green  and  then 
purple.  Let  cool  and  ttdd  a  few  drops  of  Aloobol  and  n  drop  or  two  of 
HCl.     Then  Blit  into  beaker  of  HjO. 

Siamidobeniol,  C'aK4(NH2)o,  is  a  whitish  crystalline  pow- 
der, with  strongly  ba^io  properties.  It  gives  nn  intense  yellow 
color  with  even  Iracea  of  nitrous  acid. 

Snlphanilio  acid,  CaH4.NH2.SO3H,  is  a  colorless  crystat- 
liup  substance  obtained  by  heating  anilin  with  II2SO4. 

Anilid)  are  derivatives  of  anilin  obtained  by  replacing  am- 
I  or  amido  H  by  acid  radicals.  If  H  is  replaced  by  an 
ullnl  radical,  the  derivative  is  known  as  an  alkvlanilin ;  as 
methylanilin,  C(,H5.NH.CHs. 

Acetanilid,  or  phenyl  acetamid. 


>■  I  CuHs 
I  C2H3O 

is  prepared  by  boiling  anilin  with  glacial  acetic  acid.  It  appears 
in  white,  nnctuoua  crystals,  sparingly  soluble  in  H2O,  more 
frwily  in  alcohol.  On  warming  with  HCl  it  is  decomposed  into 
anilin  and  acetic  acid. 

Experiment. — Prove  presence  of  anilin  in  acetanilid  hj  heating  to- 
gether B  mixture  of  equal  p.irt«  of  acetanilid  and  powdered  NbHO.  Ait«r 
a  few  minutes  invert  t«bt  tulie  and  allow  oily  globules  of  anilin  to  run 
out,  keeping  up  the  warming  proceu. 

Identlfleatlon  of  AoetanUld.— Boil  0.1  gin.  with  1  c.c,  of  HCl  and 
then  add  I  c.r.  enrh  of  a  per  cent,  phenol  solution  and  saturnted  solution 
at  bleaching  powder,  A  eloudj,  red  mixture  is  formed,  which  turna  dark 
Mue  00  superaaturating  with  NH«HO. 

Amido-acidi  are  acids  in  which  1  atom  of  H  has  been  re- 
placed by  NHo,  They  possess  both  acid  and  basic  properties. 
Amidoacetic  acid  (glycin,  glycocoll)  has  the  fonnula  CH2.NHJ.- 
COOH.  It  ia  present  in  most  proteins,  especially  collogens,  and 
has  a  sweet  taste.  Amidoformic,  or  carhamip,  acid,  NH2-- 
COOH.  is  present  as  a  salt  in  ordinarv  ammonium  carbonate. 
It  is  formed  by  direct  union  of  COj  and  NHa,— C.NH^.NHjOa. 
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Leucin  is  amidocaproic  acid:  C5H10.NH2.COOH.  Like  its 
congener,  tyrosin,  it  is  a  product  of  albuminous  decomposition 
in  the  intestines.  Aspartic  is  identic  with  amidosuccinic  acid, 
CH2.CH(NH2).(C00H)2.  Amic  or  amidic  acids,  or  alanins, 
are  formed  by  replacing  the  110  of  acids  by  the  amido-group; 
e,g,,  lactamic  acid,  CII3.CH.NH2.COOH.  Compounds  derived 
from  the  type  Nir4  have  the  termination  '^onium" ;  thus,  ASH4, 
arsonium. 

PYEIDINS. 

These  tertiary  monaiiiins  are  colorless  liquids,  insoluble  in 
water,  but  sohible  in  alcohol,  ether,  and  fixed  oils.  Pyridin, 
C5H5N,  is  present  in  hone-oil,  coal-tar  naphtha,  and  tobacco- 
smoke.  It  has  a  sharp,  characteristic  odor.  Pyrrol,  C4H5N,  is 
also  in  coal-tar  and  bone-oil.  lodol,  C4I4NH,  is  a  light-brown, 
odorless,  tasteless  powder  containing  89  per  cent.  I.  It  is  de- 
rived from  pyrrol  by  treating  with  I  in  presence  of  oxidizing 
agents.    It  is  used  as  a  substitute  for  CHI3,  and  is  not  toxic. 

Quinolin,  or  chinolin,  C0H7N,  is  prepared  by  distilling 
quinin  or  cinchonin.  with  potash.  It  corresponds  with  naph- 
talin  in  which  one  CH  group  is  replaced  by  N. 

Kairin,  C10H13.NO.HCI,  is  the  hydrochlorid  of  methyl-oxy- 
chinolin-hydrid.  It  appears  in  white  crystals  soluble  in  6  H2O 
or  20  alcohol. 

Thallin,  CioHnNO,  or  tetra-hydro-paramethyl-oxyquinolin, 
is  a  white,  aromatic,  crystalline  substance,  generally  soluble. 
It  is  colored  a  bright  green  by  FeCla  and  other  oxidizing  agents. 

Fiperin  is  the  active  principle  in  both  black  and  white 
pepper.  It  has  the  same  empiric  formula  as  morphin,  but  is  not 
an  alkaloid.    It  contains  a  benzene  and  a  pyridin  ring. 

AZO  AND  DIAZO  COMPOUNDS. 

The  group  —  N--=N  —  links  an  alkyl  to  an  acid  radical 
in  diazo;  two  alkyl  radicals  in  azo  compounds.  These  com- 
pounds are  colorless,  crystalline  substances,  soluble  in  water,  and 
are  formed  by  treating  aromatic  amins  with  HNO2.  From 
azo-benzene,  C0H5  —  N  =  N  —  CeH.n,  the  beautiful  azo  dyes 
are  derived.  When  an  atom  of  0  is  inserted  between  the  N 
atoms,  an  azoxy  compound  is  formed. 

HYDKAZINS. 

Tliese  are  derivatives  of  hydrazin,  or  diamin,  NH2  —  NH2, 
a  colorless,  stable,  alkaline  gas,  and  are  formed  by  replacing  H 
with  alk}4  radicals.  

Phenyl-hydrazin,  GqEL^  —  NH  —  NH2,  prepared  by  reduc- 
tion of  diazo-benzene,  is  a  colorless,  oily  liquid,  soluble  in  alco- 
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hol  and  ether,  and  a  powerful  reducing  agent,  forming  char- 
acteristic crystalline  compounds  called  osazones  with  various 
sugars,  and  hydrazones  with  aldehyds. 

Antipyrin,  or  phenazone  (phenyl-dimethyl-pyrazolon),  Cn- 
H12N2O,  is  derived  from  phenyl-hydrazin  by  heating  with  di- 
acetic  ether  [(€211302)2^21150],  forming  phenyl-methyl-pyraz- 
olon,  which  is  then  made  to  take  up  another  methyl  group  in 
place  of  H.  Antipyrin  appears  in  white  crystals,  very  soluble 
in  H2O  and  other  solvents. 

According  to  Sajous,  antipyrin  and  other  synthetic  anal- 
gesics act  by  exciting  the  sympathetic  center  in  the  pituitary  body, 
thereby  causing  excessive  constriction  of  the  arterioles;  the  vol- 
ume of  blood  circulating  about  the  sensory  terminals  of  the  dis- 
eased area  being  reduced,  the  pain  ceases.  Except  antipyrin,  all 
modem  antipyretics  (phenetidin  compounds)  owe  their  action 
as  such  to  the  formation  of  simple  derivatives  of  paramidophenol 
in  the  tissues.  This  decomposition  should  be  gradual,  as  other- 
wise there  result  collapse  and  destructive  blood  changes  (meth- 
emoglobinemia). The  cyanosis  is  due  to  vasoconstriction  and 
consequent  engorgement  of  capillaries  and  slowing  of  the  current 
therein,  whereby  oxyhemoglobin  is  unduly  reduced.     (Sajous.) 

Identificatioii  of  Antipyrin. — FeCls  gives  deep  red;  HKO2  yellow, 
then  intense  red  on  warming;   KNO^  and  IIC2H3O2  (a  few  drops  of  each) 
give  an  intense-green  color. 

nitbus  and  caebylamins. 

These  are  isomeric  compounds  of  organic  radicals  with 
CN.  Nitrils,  or  cyanids,  have  the  general  formula  li  —  C  -  N  ; 
carbylamins,  or  isocyanids,  R  —  N  ~C.  The  nitrils  are  vola- 
tile liquids  or  solids,  yielding  organic  acids  when  heated  with 
H2O  in  presence  of  mineral  acids  or  alkalies:  c.g,_,  CH3CN 
+  2H2O  =  CHs.COOH  +  NH3.  Hence  they  correspond  with 
acid  oxids  or  anhydrids.  They  may  be  formed  by  heating  alkyl 
iodids  with  KCN. 

Fnlminic  acid,  C2N2H0O2,  is  very  unstable.  Mercuric  ful- 
minate is  made  by  adding  alcohol  to  a  solution  of  Hg  in  HNO3, 
and  is  used  aa  an  explosive  in  percussion-caps,  developing  a 
pressure  of  43,000  atmospheres  by  detonating  in  its  own  vol- 
ume. 

The  carbylamins  are  marked  by  a  disgusting  odor  and  arc 
formed  by  heating  hydrocarbon  iodids  with  AgCN.  \\hvn 
heated  with  H2O  and  mineral  acids  they  form  amins  and  or- 
ganic acids :  e.g., 

CH3NC  4-  2H2O  =  CH3NH0  +  HCOOH 

The  isosnlphocyanates,  or  mustard-oils,  IINCS,  break  down 
into  an  amin,  H2S,  and  COo  on  treating  with  IIoO  and  alkalios. 
The   most  important  member   of  this   group   i;^  allyl   sulpho- 
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■cyanate,  C3H5NCS,  found  in  fermenting  mustard-seed,  and 
horseradish.  Cyanogen  compounds  are  often  present  in  furnace 
and  volcanic  gases. 

ALKALOIDS. 

Alkaloids  are  physiologically  active  vegetable  (or  animal) 
nitrogenous  principles,  or  natural  organic  bases  (tertiary  aro- 
matic heterocyclic — contain,  as  a  rule,  one  ring  having  a  N 
atom  in  nucleus),  derived  from  pyridin  (C5H5N),  chinolin 
(C9H7N),  and  isochinolin.  The  liquid  and  volatile  alkaloids  are 
amins;  the  solid  non-volatile,  amids  (these  contain  0).  The 
latter  'is  much  the  larger  class.  Their  names  all  end  in  in  (or 
me)y  English;  ina,  I^atin.  The  vegetable  alkaloids  exist  in  com- 
bination with  tannic,  malic,  meconic,  H3C7HO7  (opium),  kinic 
(cinchona),  and  other  acids.  They  are  extracted  from  the  com- 
minuted plants  by  dissolving  out  in  H2O  or  alcohol,  or  by  treat- 
ing with  dilute  acids,  then  with  CaO  or  MgO,  and  then  dissolving 
in  alcohol,  ether,  chloroform,  or  dilute  acids.  The  concentrated 
aqueous  solution,  to  which  the  alkaline  precipitant  has  been 
added,  may  be  rotated  together  with  chloroform  in  a  separatory 
funnel.  The  chloroform,  with  the  dissolved  alkaloids,  is  run  off 
from  below  and  evaporated.  This  is  the  so-called  shaking-out 
process. 

Alkaloids  are  generally  white,  bitter,  and  insoluble  in 
H2O,  but  soluble  in  other  solvents.  Morphin  is  insoluble  in  ether. 
Their  salts  are  formed  by  direct  addition  of  the  acid;  they  are 
neutral  to  litnms,  and  are  more  soluble  in  water  and  in  alcohol ; 
hence  are  employed  in  medicine  rather  than  the  simple  alkaloid. 
With  a  few  exceptions,  they  are  insoluble  in  ether  and  chloro- 
form. 

Alkaloids  and  alkaloidal  salts  are  incompatible  with  their 
reagent  and  with  bases,  carbonates,  and  bicarbonates.  Many  of 
them  are  poisonous.  The  chemic  antidote  for  all  is  tannin  or 
well-diluted  KMn04  (grain  for  grain  of  poison). 

Test  Precipitants. — 1.  Tannic  acid:  Resulting  tannates  are  diffi- 
cultly soluble  in  cold  water,  but  soluble  in  aloohol  or  excess  of  tannic 
or  other  acids. 

2.  Haloid  salts  of  Hg:  Double  nearly  insoluble  salts.  Mayer's 
solution  [lIgT2(ICI)2]  consists  of  131^  gm*  of  HgClp  and  50  gm.  KI  in 
1000  c.c.  of  H2O.  It  ppts.  all  the  alkaloids  in  acidulous  solutions  in 
absence  of  alcohol  or  acetic  acid. 

3.  Picric  acid:     Cinchona  bases  especially. 

4.  Phosphoinolybdic  and  phosphotungstic  acids:  Ppt.  great  ma- 
jority of  alkaloids. 

5.  Potassium  chromate  and  dichromate :  Ppt.  concentrated  aqueous 
solutions  as  chromatcs. 

6.  Chlorids  of  Au  and  Pt:  Crystalline  double  salts,  with  many 
alkaloids. 

7.  Wagner's  Reagent  is  I  (1),  KI  (2),  HgO  (100).  Used  in  ex- 
cess in  acid  non-alcoholic  solutions,  it  ppts.  dark  brown  to  black 
pcriodids,  soluble  in  NaoSoOs  by  reduction  to  hydriodida. 


ALKALOIDS.  273 

Color-reactions. — ^Dehydration:     H2SO4,  ZnCl2,  P2OQ. 

Oxidation.  HNO3,  CI,  Br,  NaClO;  H2SO4  and  KCIO3  or  KMnO^. 
chroiiiic.  molybdic,  iodic,  and  tungstic  acids. 

Cocain  and  pilocarpin  reduce  calomel  on  rubbing  together  with  a 
glass  rod. 

In  testing  for  alkaloids  Witthaus  advises  to  place  a  drop  of  the 
liquid  under  examination  and  one  of  the  reagent  near  each  other  on  a 
strip  of  black  glass,  and  bring  the  tWo  together  with  a  pointed  glass 
rod. 

VOLATILE  ALKALOIDS. 

These  are  colorless,  oily  liquids,  and  turn  brown  on  expo- 
sure to  the  air.  They  are  capable  of  distillation  unchanged. 
Coniin,  or  cicutin,  was  the  first  vegetable  alkaloid  formed  syn- 
thetically in  the  laborator}'.  Coniin  is  marked  by  a  repulsive 
odor,  and  is  obtained  from  hemlock-fruit.  It  acts  as  a  motor 
paralyzant  poison.  Nicotin,  C10H14N2,  is  the  poisonous  prin- 
ciple of  tobacco,  in  which  it  is  present  to  the  extent  of  1  to  7 
per  cent,  of  dry  leaf,  in  combination  with  malic  and  citric  acids. 
It  is  soluble  in  water.  It  acquires  a  peculiar  strong  odor  on 
standing.  When  tobacco  is  smoked  the  nicotin  is  converts 
largely  into  pyridin.  Nicotin  is  a  narcotic  poison,  and  1  m.  has 
proved  fatal. 

Identiilcation  of  Coxiiin. — Strong  IICI  gives  a  red  coloration. 

Identiilcation  of  Nicotin. — Violet  with  HG;  orange  with  HNO3. 
HCOH  and  HNO3  &^^  *  vivid  rose-red  color.  Coniin  and  nicotin  are 
particularly  liable  to  be  simulated  by  putrefactive  products. 

Lobelin,  from  lobelia,  or  Indian  tobacco,  has  an  odor  like 
tobacco  mixed  with  honey.  Spartein,  C15H26N2,  from  the  leaves 
and  branches  of  broom,  is  an  odorless,  very  bittor  cardiac  tonic. 
Spartein  is  very  uncertain  in  action,  partly  perhaps  because 
of  its  volatility. 

Spigelin,  from  spigelia,  or  pinkroot,  is  used  as  a  vermifuge 
for  roundworms.  Pelletierin,  or  punicin,  is  a  liquid  alkaloid 
in  pomegranate  root-bark.  It  is  a  nearly  specific  antlielmiiitic  for 
tapeworms. 

NON-VOLATILE  ALKALOIDS. 

Solanacefle. — ^These  are  closely  allied  mydriatics  and  deliri- 
ants.  They  quicken  the  pulse  and  respiration,  and  may  causo 
death  by  overstimulation,  leading  to  paralysis.  The  most  pot(,-nt 
and  important  is  atropin,  from  Airopa  heUadonrui.  Its  sulphat»» 
is  commonly  employed.  Henbane  has  two  important  alkaloids, 
hyoscin  and  hyoscyamin.  Daturin  is  a  mixture  of  atropin  and 
hvoscvamin.  Duboisin,  from  the  loaf  of  an  Australian  tiT"'. 
strongly  resembles  atropin. 

The  solanaceous  alkaloids  consi-t  of  iho  ba^e  tropin  ar  o-ciu 
(scopolin)  combined  with  aromatic  (chiefly  tropeic)  aci^-.  which 
are  substituted  for  an  H  of  the  HO  in  the  base.  Tlie=e  estr-r-like 
tropin  combinations  are  called  tropeins;   those  of  os<in,  o-r<Mii^. 

IS 
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Atropin  and  hyoscyamin,  C17H23NO3,  are  isomeric,  the  former 
being  optically  inactive,  the  latter  levorotatory.  Atroscin  and 
scopolamin,  C17H21NO4,  are  isomeric  osceins;  the  former  is  in- 
active, the  latter  levogyrous.  A  mixture  of  the  two  alkaloids 
forms  commercial  hyoscin.  Hpmatropin  (a  synthetic)  is  ox}'- 
toluic  acid  tropin. 

Vitali's  Test  for  Atropin. — Barely  moisten  dry  residue  from  cone, 
solution  on  white  porcelain  with  H2SO4  on  point  of  narrow  glass  rod, 
add  about  1  mg.  NaN02  and  rub  into  spot,  which  is  then  touched  with 
freshly  prepared  saturated  solution  of  KOH  in  absolute  alcohol,  added 
in  excess  of  acid.  Tropein  reaction  (shows  ^oot)  ^^11^)  is  &  fine  violet 
color,  quickly  fading  to  dark  red  and  disappearing. 

Physiologic  Test.— One  two-thousandth  grain  of  atropin  in  a  drop 
of  solvent  shows  dilation  of  the  pupil  when  dropped  in  the  eye  in  about 
one-half  hour. 

Cinchona  Group. — Peruvian  bark  contains  at  least  5  per 
cent,  of  alkaloids,  of  which  one-half  should  be  quinin.  Of  tho 
43  cinchona  alkaloids,  the  chief  four  are  quinin  (C20H04N2O0), 
quinidin,  cinchonin,  and  cinchonidin.  These  are  all  effective 
febrifuges  and  antiperiodics.  The  principal  salts  of  quinin  aro 
the  sulphate,  bisulphate,  hydrobromate,  hydrochlorate,  and 
valerianate.  The  neutral  sulphate  is  soluble  in  740  H2O  or  65 
alcohol.  The  hydrochlorate  is  most  soluble:  in  34  of  water. 
The  cimiulative  effects  of  quinin  are  due  to  rapid  absorption 
(fifteen  minutes)  and  slow  elimination  (two  or  three  days). 
Quinidin  is  isomeric  with  quinin. 

Identification  of  Qninin. — Solutions  in  excess  of  dilute  H2SO4 
show  a  strong  fluorescence.    This  is  also  noted  with  qtiinidin. 

To  10  c.c.  solution  of  quinin  add  2  m.  of  Br  water  and  excess  of 
NH4HO,  and  get  emerald  green  of  thalleioquin.  Qtiinidin  gives  the 
same  reaction,  but,  unlike  quinin,  is  pptd.  from  neutral  solutions 
with  KI. 

Herapathit  Test. — Dissolve  ^  gm.  of  alkaloid  in  15  c.c.  of  alcohol 
of  0.83  sp.  gr.,  dilute  with  5  c.c.  of  water,  and  acidulate  fluid  with  2 
c.c.  of  lO-per-cent.  H2SO4;  add  to  this  solution  of  0.2  gm.  of  I  in  10  c.c. 
of  alcohol  (0.83  sp.  gr.) ;  warm  mixture  slightly  and  allow  to  cool.  Note 
the  quite  insoluble  microcrystalline  ppt. :  dark  green  =  quinin ;  red  = 
quinidin;    yellow  =  cinchonidin ;    no  ppt.  =  cinchonin. 

Opium,  or  Thebaicum,  Group. — Of  the  seventeen  alkaloids 
(in  combination  with  meconic  and  lactic  acids)  and  extracted 
from  poppy,  morphin,  C17H19NO3  (10  to  14  per  cent),  is  chief. 
Xarcotin,  a  tetanizer,  constitutes  4  per  cent. ;  papaverin,  a  nar- 
cotic, lU  to  1  per  cent. ;  codein,  an  analgesic,  0.2  to  0.8  per  cent. ; 
narcein,  a  hypnotic,  0.02  per  cent. ;  and  thebain,  a  tetanic  con- 
vulsant,  0.2  to  0.5  per  cent.  Narcotin  and  narcein  are  isomeric. 
Opium  may  be  deodorized  with  ether,  which  dissolves  out  nar- 
cotin. The  sulphate  is  the  common  salt  of  morphin.  It  dis- 
solves in  24  HoO,  702  alcohol.  The  hydrochlorate  of  morphin 
on  heating  with  IICl  in  vacuo  is  dehydrated  into  the  emetic, 
aponiorphin  hydrochlorate,  C17H17NO2.HCI.  Solutions  of  this 
on  exposure  to  air  turn  green.    Other  artificial  derivatives  are 
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lieroin  (diacetyl-morphin),  dionin  (hydrochlorid  of  moiioothyl- 
cster  of  morpliiii),  and  peronin  (hydrochlorid  of  benzyl  ether  of 
morphin).  Codein  (morphin  methyl-ester)  is  made  synthetically 
by  heating  morphin  with  CH3I. 

Most  opium  alkaloids  (except  morphin  and  narcotin)  are 
said  (Kobeit)  to  originate  by  fermentation  in  the  exuded  juice 
of  the  poppy  capsule  while  drjing.  There  is  no  opium  in  poppy 
petals.  Morphin  is  excreted  mainly  by  the  digestive  tract,  only 
traces  being  found  in  the  urine;  therefore  it  is  not  contraindi- 
cated  in  uremic  convulsions. 

Identillcation  of  Morphin. — HNO3  gives  n  red  color,  fading  to 
veHow  and  discharged  by  reducing  agents.  FeCls  (very  dilute)  colors 
blue,  turning  green,  and  disappearing  on  heating. 

Frohde^B  reagent  (solution  of  molybdic  acid  in  H2SO4) 
added  to  a  crystal  of  morphin  gives  a  violet  color,  turning  blue, 
tlirty  green,  and  faintly  pink. 

Identification  of  Codein. — Thia  shows  a  clarct-rcd  color  with  Br 
water  on  shaking  and  adding  NH4HO. 

Identification  of  Apomorphin. — HNO3  gives  a  blood-red  color: 
aqueous  solution  treated  with  a   few  drops  of  Na2('0:{  and  one  drop 
alcoholic  T,  gives  emerald,  turning  violet  on  shaking  witli  ether. 

Selenious  acid  (0.5)  in  H0SO4  (100)  gives,  with  morphin, 
an  evanescent  blue,  then  intense  blue-green  to  persistent  olivi^- 
green;  with  apomorphin,  dark  blue-violet;  with  codein,  blin'. 
quickly  changing  to  emerald  and  then  persistent  olive ;  with  nai- 
r-ein,  faint  greenish-yellow,  then  violet:  with  narcotin,  greonish 
steel-blue,  later  cherry-red. 

Test  for  Morphin  in  Opium  Solutions. — On  acidiilatin<;  witii 
lICoH^Oo  and -then  adding  Pb( 001^302)2.  It'ad  meconate  is  ppt«l.  ami 
morphin  remains  in  solution,  to  l>e  tested  in  the  filtrate  as  descrilx'*! 
above. 

Strychnos  Alkaloids. — Strychnin  and  briicin  are  foiiiKl  in 
the  seeds  of  S,  nux  vomica  and  *S'.  ign/itia  and  in  S.  iienie,  the 
deadly  upas-tree  root-bark  of  Java,  used  as  an  arrow-poison. 
Str}'chnin  is  obtained  mostly  from  igiiatia.  Strychnin  is  so  hittrr 
a?  to  be  perceptible  in  a  dihition  of  1  to  700,000.     It  is  com- 

Saratively  stable.  Its  usual  salt  is  the  sulpliate.  It  produces 
oath  by  asphyxia  from  tetany  of  the  respiratory  muscles.  J^)ru(Mn 
(C03II26N2O4),  or  dimethoxystrychnin,  is  similar,  l)Ut  niiMn-  in 
action. 

Identillcation  of  Strychnin. — iloSOj  and  a  sinail  iM\v>tal  i»f 
^2^^^'/^'  ?J^'®  blue,  running  through  a  rainbow  of  colors  (bln«'.  \i.»le1. 
purple,  pink,  red)  to  red-yellow.  Tliis  test  is  said  to  have  dfloctrtl  as 
little  as  M<ioooooooo  grain  of  strychnin.  A  mixture  of  ]iior|>liin  and 
hydrastin  gives  a  similar  reaction,  as  docs  likewise  quobrachin.  (Iiloro- 
form  is  the  best  agent  to  extract  strychnin  from  tho  slonia<h  contoiits. 

Identillcation  of  Bmcin. — It  turns  blood-red  willi  UNO;},  }eliow 
on  heating,  violet  on  adding  Na2SoO'i. 

Ptoinains  (pellagrooein  in  cbM-onipo-ied  conmiral  1  may  \i\\k*  tln'mj<- 
reactions  similar  to  those  of  strychnin,  and  also  cau<e  t«'tani<'  symptMin-. 
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Much  morphin  or  mucli  brucin,  sugar  and  more  than  traces  of  tissue- 
substance  prevent  the  fading  purple  action  of  strychnin.  Purify  dry 
residue,  nfter  the  usual  process  of  alkaline  extraction,  by  moistening 
with  2  or  3  drops  of  H2SO4,  and  heating  on  water-bath  for  an  hour  or 
two.  Stir  blackened  residue  with  H2O,  filter,  wash,  make  faintly  alkaline 
and  shake  out  with  chloroform.  Evaporate  on  porcelain  and  make  usual 
cheniic  tests.  The  hot  H2SO4  removes  hydrastin  as  well.  To  test  for 
stryclinin  in  presence  of  brucin,  treat  residue  with  cone.  H2SO4,  then  with 
very  little  HNO.'^,  and  after  the  red  color  has  faded  to  yellow,  add  a 
minute  fragment  of  KMn04  or  K2Cr207.  A  fading  purple  shows 
strvchnin. 

Physostigmin,  or  Eserin. — ^This  myotic  (C15H21N3O2)  is 
extracted  from  Calabar  bean.  The  chief  salts  are  the  salicylate 
and  siilpliate.    It  produces  death  in  the  same  way  as  strychnin. 

Cocain. — This  alkaloid  is  found  in  the  leaves  (0.15  to  0.65 
per  ct;nt.)  of  erythroxylon  coca,  a  South  American  shrub.  Coca 
leaves  contain  also  the  alkaloids  ecgonin,  benzoyl  ecgonin,  and 
liygrin  (oily).  The  hydrochlorate  (C17H21NO4.HCI)  is  readily 
and  generally  soluble.  It  is  a  local  anesthetic.  Less  than  a  grain 
has  produced  death  by  respiratory  paralysis  or  tetanic  spaam  of 
the  heart.  Eucain  is  a  valuable  and  less  toxic  derivative ;  j3-eucain 
is  less  irritant  than  a -eucain.  Cocain  is  a  general  protoplasm 
poison  (causes  scars  aside  from  infection).  Its  anesthesiophore 
function  is  due  to  the  benzoyl  group. 

Identilication  of  Cooain. — The  powdered  drug  mixed  with  calomel 
turns  gray  or  black  on  moistening  with  the  breath.  On  adding  5  per 
cent.  CrO.t  to  a  solution  of  a  cocain  salt,  a  yellow  ppt.  is  formed,  dis- 
solving at  once,  but  rendered  permanent  by  the  addition  of  cone.  HCl. 

Pilocarpin. — ^This  is  a  valuable  sudorific  extracted  from 
jaborandi  leaves.  The  nitrate  and  hydrochlorate. are  the  salts 
in  use.  Jaborin  from  the  same  source  is  less  important.  Pilo- 
carpidin  is  an  oxidation  product. 

Aconitin.  —  This  alkaloid  is  present  in  monk's-hood  or 
wolf's-bane  along  with  the  more  powerful  pseudaconitin  and 
japaconitin.  It  is  a  combination  of  the  base  aconin  with  benzoic 
acid.  One-twelfth  grain  has  caused  death  by  paralysis  of  heart 
and  res])iration.  Crystalline  aconitin  (or  hyoscyamin)  is  four 
times  as  strong  as  the  amorphous.  Aconitin  on  standing  or  on 
boiling  clianges  into  bitter  amorphous  alkaloids  (aconin),  which 
are  only  slightly  toxic.  Napcllin  is  a  narcotic  alkaloid  present  in 
aconite. 

Identification  of  Aconitin. — ^KI  gives  a  reddish-brown  amorphous 
ppt.     The  physiologic  tests  are  most  delicate  and  important. 

Veratrin. — ^^^eratrum  (poke-root,  hellebore)  contains  jervin, 
cevadin,  pseudojervin,  protoveratrin.  The  veratrin  of  the  U.  S. 
P.  is  a  mixture  of  alkaloids   (chiefly  cevadin)   from  cevadilla 

Rceils. 

Identification  of  Veratrin. — H2SO4  gives  a  yellow  color,  turning 
?*cnrlet  and  violet- red. 
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Hydrastis  Group.— The  yellow  alkaloid  berberin  (a  simple 
bitter)  is  present  iu  barberry,  columbo,  golden  seal,  mandrake, 
pareira  brava,  yellow  parilla,  prickly  aeh,  and  other  plants.  Hy- 
drastin  is  the  white  alkaloid  of  Hydrastis;  it  oxidizes  to  yellow 
needles  of  hydrastinin.  The^e  three  alkaloids  are  astringent;  and 
antiseptic. 

Identtfloation  of  Hydraitii  Alkalolda. — Berberin  dissolvi^  in 
dilute  HCl  and  Br  nater  ndded,  gives  a  blood-red  colur.  Hydrostin  dis- 
solved in  diluta  H2SO4,  with  h  fe^v  drops  of  ICAfnO^  added,  shows  blue 
nuorewenee  (formatian  of  hj'draHtininl.  To  1  per  cent,  aqueou*  xnlulion 
of  hydrastinin  add  excess  of  Br  water,  getting  a  yellow  ])pt.',  the  addi- 
tion of  NH^OH  dissolves  this  to  a  nearly  colorlcM  solution  (liydrustin 
pves  a  briclt-reil  ppt.). 

The  ipecac  alkaloids  are  emetia  and  cephalin,  Theobroiain 
ia  present  in  cacao-seeds  (up  to  4  per  cent.)  and  kola-nnte.  Caf- 
f(>in,  thein  or  guaranio  (metbyl-theobromin)  is  the  active  prin- 
ciple of  tea  (2  to  4.5  per  cent),  coffee  (1.2  per  cent.),  mat^ 
(u.2  to  2  per  cent.),  goarana  (5  per  cent),  and  kola-nut  Theo- 
phylltn  (in  tea)  is  3:7  diraethybcanthin.  Caffein  (thein,  guar- 
anio)  is  1:3:7  trimethylxanthin.  Citrated  caffein  contains  50 
(«-r  cent.  calTein,  and  is  a  while,  acid  powder. 

IdentUcation  of  Caffeln.— A  5  per  cent,  solution  of  K^FeCVg 
lieaied  with  half  its  volume  of  UNO3  and  tlien  diluted  with  wuU^r,  giveo 
11  ppt.  o(  Prussian  blue.  CalTein  also  reacts  t«  the  murexid  tpat  (see 
•Iric  Acid"!. 

Aspidoepermin  is  found  in  quebracho.  Gelsemium  contaioa 
tlie  alkaloids  gelseniin  (crystalline)  and  gelseminin  (amoq)houi<, 
toxic).  The  strophanthin  of  commerce  (mostly  pseudoetrophan- 
thin)  IS  often  a  very  toxic  and  variable  mixture.  The  convul- 
sive alkaloid  comiitin  is  the  cJiief  factor  in  the  action  of  ergot 
on  the  uterus  (Kobert).  The  AnlmJoniiim  LewinU,  a  member 
of  the  cactus  family,  contains  an  hypnotic  alkaloid,  pellotin,  and 
an  intoxicating  alkaloid  called  mezcalin. 

From  ehelidonium  are  obtained  chelerythrin  (sanguinarin), 
cliulidonin,  clielidoxanthin,  and  berberin.  SangiUnaria  contains 
aanguinarin  fwhite;  re<l  salts),  chelerythrin,  prolopin,  and  ber- 
berin; Borpentaria,  the  hitter  aristolochin;  spigeJia,  the  anthel- 
mintic spigelin;  menispemum,  berberin  and  menispin.  ^va 
ur»i  coBtaios  arbtttin  (urinary  antiseptic),  ericoJin  and  ursone. 
Colchicum  has  two  active  principles:  a  crystalline,  colchieein, 
and  a  non-cri-stalline,  colchicin.  The  alkaloids  of  staphlsagria 
include  the  very  poi.ionoiis  delphinin,  with  delphinoiilin  and  dcl- 
phisin.  OtJicr  unimportant  vegetable  alkaloids  arc  buxin  (pa- 
reira root),  erythrophlein  (caeca),  avenin  (oats),  agrostemmin 
(poisonous  alkaloid  in  cereal.  Agrostemma  githago),  cohinibin 
(ralumbn),  betain  (raw  beet-sugar),  canadin  (hydrastis).  olcnn- 
drin  and  the  alkaloids  of  hops. 
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ANIMAL  ALKALOIDS. 


Ptoinaiiis  are  products  of  putrefaction  of  albuminous  sub- 
stances in  dead  or  living  bodies.  Aniido-,  azo-,  and  diazo-  groups 
are  most  common.  Like  vegetable  alkaloids,  they  are  solid  or 
liquid,  fixed  or  volatile,  amorphous  or  crystalline,  bitter  or  taste- 
less. Their  odor  may  be  wanting,  or  sweet  and  aromatic,  or 
cadaveric.  In  chemic  reactions  they  correspond  closely  to  vege- 
table alkaloids,  for  which  they  may  be  mistaken.  They  differ 
from  most  vegetable  alkaloids  in  being  optically  inactive.  They 
are  temporary  and  transitory  in  nature.  Those  formed  in  the 
presence  of  little  0  are  toxic.  Precipitation  by  general  reagents 
of  extracted  body  tissues  is  not  conclusive  of  the  presence  of 
vegetable  alkaloids.  To  distinguish  vegetable  alkaloids  from 
ptomains,  get  the  former  into  crystals  by  repeated  purification. 
Many  ptomains  differ  from  true  alkaloids  in  constitution,  having 
their  N  in  an  open-chain  (acyclic)  molecule,  and  are  classed 
under  amins.  ' 

The  inethylamins  and  ethvlaniins  are  not  poisonous.  The 
following  are  all  toxic:  Putrcscin  and  cada\erin,  in  corpses; 
tyrotoxicon,  CoTT.^No,  in  putrid  cheese,  milk,  and  cream  (ice- 
creniii,  crc'ani-])uffs)  ;  nniscarin,  in  decomposed  flesh,  fish,  and 
fungi;  mytilotoxhi,  CoHisNOo,  in  oysters  and  other  mussels; 
ueurin,  in  decomposing  meat;  and  choliu,  in  animal  tissues, 
hops,  and  ergot.  ('Iiolin,  N(Cll3)3.CoH50.0H,  is  converted  by 
4)xidati(>u  into  inusoarin,  and  by  dehydration  into  neurin. 

Ix'ucoinains  are  formed  in  the  living  body  by  retrograde 
luetiunorphosis  with  insufllcient  0.  They  are  much  increased 
in  anoniia,  clilon)sis,  and  constipation.  They  are  mostly  non- 
toxic.   LeucoHiains  comprise  purin  bases  and  creatins. 

1'oxins  are  poisonous  bases  or  albumins,  the  products  of 
specific  bacteria  and  the  direct  cause  of  most  infectious  dis- 
ea.**es.  Toxins  are  soluble  in  water,  dialyzable  but  uncr}'stalliz- 
able,  and  resemble  albumoses.  They  are  pptd.  by  cone,  alcohol 
or  (NH4)2S04.  Heat  eliminates  or  destroys  their  toxicity,  and 
they  are  readily  split  into  prototoxins,  deuterotoxins  and  trito- 
toxins,  which  differ  in  their  avidity  for  antitoxin.  'Tetanus  and 
diphtheria  toxins  are  extracellular;  most  others  are  intracellular, 
being  set  free  only  on  breaking  dowm  of  the  containing  germs. 
The  soluble  ])roducts  of  bacteria  are  freed  from  the  figurate  ele- 
ments by  ])assing  through  porcelain  filters. 

J)iphtheria  poison  is  a  white,  amorphous  toxalbumin.  The 
tY])hoid  bacillus  produces  typhotoxin,  C2H17NO2.  The  tetanus 
bacillus  produces  two  toxins,  tetanin  and  spasmotoxin,  both  of 
which  excite  tonic  and  clonic  convulsions  in  an  advanced  stage 
of  the  disease,  through  their  action  on  the  motor  ganglion  colls. 
Crotin  is  a  toxalbumin  in  Croton  tiglium,  not  in  croton-oil; 
ricin,  in  castor  beans,  not  in  the  oil. 

Soluble  antitoxins  of  unknown  composition  are  set  free 
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from  the  white  blood-cells  and  the  fixed  tissues.  They  antago- 
nize the  toxins  specifically,  and  account  for  artificial  immunity. 
They  are  usually  preserved  in  phials,  hermetically  sealed  in  the 
blowpipe  flame,  by  the  addition  of  0.5  per  cent,  trikresol  (mix- 
ture of  ortho-,  para-,  and  meta-),  CQH4CH3OH,  which  is  non- 
irritant  and  slightly  anesthetic;  they  may  also  be  had  in  the  dry, 
solid  fonn,  which  keeps  indefinitely.  Bactericidal  sera  (anti- 
pneumococcus,  antistreptococcus)  in  thoir  nature  cannot  bt^ 
expected  to  yield  such  brilliant  results  as  the  antitoxic  sera.  An 
antitoxic  unit  neutralizes  enough  toxin  (when  injected  at  the 
>iame  time)  to  kill  one  hundred  guinea-pigs.  Very  concentrated 
antitoxic  serums  are  now  in  use  (3000  units  per  c.c).  The 
antitoxin  is  present  in  the  pseudoglobulin  portion  (soluble  in 
<alt  solution). 

PKOTEINS. 

Representatives  of  this  group  are  essential  parts  of  proto- 
plasm and  of  animal  and  vegetable  fluids.  They  are  ver}^  com- 
plex substances  of  the  cyclic  series  with  hundreds  or  thousands 
of  atoms  in  a  molecule,  chiefly  C  (50  to  55  per  cent.),  H  (7  per 
cent),  0  (20  to  24  per  cent.),  X  (15  to  18  per  cent),  and  S 
(in  most,  %  to  2%  per  cent)  :  P  and  Fe  in  a  fow.  The  aver- 
age composition  is  represented  by  the  formula  Ci44lIo24X;to- 
O44S.2.  They  yield  Nll.i,  IIoS,  fatty  acids,  amido-aoids  (loiicin, 
tyrosin,  glycocoll,  aspartic  acid,  glutamic  acid),  histon  bases 
(lysin.  histidin,  arginin),  etc.,  on  decomposition. 

Plant  proteins  are  derived  from  nitrates  in  the  soil,  which 
are  reduced  in  the  chlorophyl-bearing  portions  of  the  plant  by 
forinaldehvd  to  HCX,  and  this  is  probably  the  form  in  which  N 
enters  into  the  albuminous  molecule.  They  are  stored  up  as 
minute  granules  (sometimes  crystalline)  in  seeds,  roots,  and 
tubers.  Animals  derive  all  their  proteins  from  vegetable  sources, 
and  eventually  break  them  down  into  simpler  compound*!. 

Proteins  are  colorless,  odorless,  nearlv  tasteless  su])stances. 
amorphous  and  non-dialyzable  (except  peptons)  and  Icvorota- 
tory  (some  nucleoproteids  are  doxtroroiatory).  Tn  pure  solution 
proteins  are  neutral,  but  take  on  basic  or  acid  characteristics  in 
the  presence  of  acids  (2  molecules  to  1  of  protein)  or  salts.  They 
easily  putrefy,  and  are  readily  coagulated  by  heat,  mineral  acids, 
alcohol,  and  mineral  salts.  They  are  converted  by  digostivt* 
juices  into  acid  or  alkali  albumins,  then  albumoses,  and  finally 
peptons.  On  heating  dry  they  char  and  give  forth  the  odor  of 
burnt  horn  or  wool.  The  classes  of  proteins  and  the  chief  mem- 
bers of  each  class  are  shown  in  the  folK^wing  table.  It  is  a  note- 
worthy fact  that  the  same  protein  may  exhibit  dilTcrent  properties 
imder  varying  conditions  and  in  different  parts  of  the  body. 

Protamins,  CaoHsTXijOc,  are  thou<:lit  to  constitute  the 
essential  nucleus  of  protein  molecules.    Histon?  are  more  complex 
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than  protamine,  are  strongly  basic,  and  contain  no  P  or  carbo- 
hydrate group.  They  occur  in  tlic  spleen,  thvmnp,  and  lymph 
glands. 


Albumins.— 


Serum- a  I  bum  ID — i    1 


ting,  caiioo-prii 


human 


refining  cane-sugar 
Cell -albumin. 
Muscle-albumin   (mfofttbumin). 
Milk-albumin     (lactelbumin)  —0.76    per    cent. 

in  cows'  milk;    I  per  cent,  in  woman's  milk. 
Egg-albumin  —  white  of   egg;     pptd.   bv  ether 

(B^rum-a.,  not)  or  by  HCl  (ppt.  not  soluble 

and   a   vehicle   for  colors  in   calico-printing. 

for  softening  leather,  and  in  book  binding  and 

photograph}'. 
Plantralbumin — soft-growing    vegetables ;     floc- 

culi    on    heating    plant-juices ;     leucosin    in 

wheat,  rje,  barley. 
Paralbumin   (pneudomucin)  — found  in  fluid  of 

ovarian  cysts. 
Proton  ea  —  intermediate      tryptie     digestion 

products  of  protamine. 
Keratins  —  horny    parts:     nails,    hair,    horns. 

nerve -sheaths,  feathcra;  contain  large  amount 

of   loosely   united    (cystin)    S    (4   or   5   per 

cent.)  :    neurokeratin  in  neuroglia  of  nerves. 


Ofo&ufiiu.—Insoluble 
in  pure  II^O;  solu- 
ble in  dilute  solu- 
tioni  of  neutral  salts 
(pptd.  by  excess); 
coagulated  by  heat:^ 
pptd.  by  current  of 
CO2.  by  diluting 
freely  with  HjO  or 
bv  removing  salt  by 
dialysis. 


Serum -globulin  (paraglobulin,  fibrinoplastin)  — 

2.2  per  cent,  of  blood-plasma. 
Two     fractions    are:       euglohulin     (pptd.     by 

dialvsis),  and  pseudoglobulin    (not  pptd.  bv 

dialysis). 
Fibrinogen — pptd.   by    saturating   with    NaCI; 

changed  to  fibrin  by  f.-ferraent. 
Myoainogen    (muscie- plasma) — yellowish    fluid 

clot  nfler   death    {rigor   mor(i»)  ;     extracted 

with  10  per  cent.  NH.Cl,  pptd.  by  excesK  of 

H2O. 
Cell -globulin.     Ovoglobulin.     Lactoglobulin. 
Crystnllin   (globulin) — 25  per  cent,  of  crystal- 

Globin— insoluble  proteid,  from  spontaneous  de- 
composition of  hemoglobin. 

PIniit-giobulin  —  hemp,  nuts,  castor-bean,  etc.; 
edestin  {cryata II liable)  in  cereals. 


Derived  Albumins  (At- 
buminatrs ) .  —  Sol- 
uble (when  freshly 
ppld.)  in  dilute 
acids  and  alkalies;' 
pptd.  by  neutraliz- 
ing or  by  strong 
mineral  ncids. 


Acid  albumins — slightly  alkaline  reaction;  syn- 
tonin  formed  in  etomacb  by  HCl. 

Alkali  albumins — slightly  acid  reaction;  on 
adding  CaCOj  they  dissolve  in  HjO  with  ef- 
ferreBfcnce, 

Plant-caseins,  or  legumin — in  almonds,  oats, 
lentilii,  pease,  and  beans  (Dearly  25  per 
cent.);   insoluble  in  dilute  alcohol. 
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Fibrins,  —  Slowly  sol- 
uble in  dilute  acids « 
or  10  per  cent.  NaCI. 


Fibrin — produced  by  clotting  of  blood,  lymph, 
or  chyle;  elastic,  gelatinous,  fibrillar;  de- 
composes H2O2. 

Gluten-proteins — soluble  in  dilute  alcohol ;  best 
obtained  by  kneading  wheat-flour  on  a  sieve; 
starch  passes  through;  sticky,  elastic  glutin 
remains.  More  gluten  in  wheat  (8.6  per 
cent.,  composed  about  equally  of  gluten  in  and 
gliadin,  or  plant-gelatin)  than  in  other 
grains. 

Zein  is  a  fibrin-like  proteid  in  maize. 


Coagulated  Proteids. — 
Dissolved   difficultly 
by  strong  hot  acids  ^ 
or  alkalies;    readily 
digested. 


Paracasein    (tyrein)  — produced  by   action   of 

rennin  on  casein — milk-curds. 
Heat  or  Acid  Products — boiled  egg,  for  instance. 


Alhufno9es  {Prote- 
oses, Propeptons ) . 
— ^All  soluble  in 
dilute  NaCl,  and 
some  in  H2O;  not 
coagulated  by 
heat. 


Primary 


i 


Proto-   (hemi) 
— much  tvro- 
sin,    trypto- 
phan     and 
monoamino- 
acids. 
Hctero-  (anti-) 
^much  leu- 
cin,   glyeocoll 
and  diamino-    \- 
acids. 
G 1 u  CO  -    con- 
tains carlHi-    ' 
i         h  y  (1  r  a  t  0   I 
[        Kioup. 
Secondary— -deuteroalbuiuose   ' 
(hydrolyzed  primary).  Hi- 
rudin    (in    leeches)     pre-    [ 
vents  coagulation  of  blood.  J 


Ilemi-  and  anti- 
groups  separated 
by  3  per  cent. 
H2SO4,  which 
throws  down 
gelatinous  mass 
of  anti-albumid, 
insoluble  in  di- 
lute acids,  read- 
ily soluble  in  di- 
lute NaoCOg. 


PcptotM.  —  Gener  ally 
soluble,  very  hygro- 
scopic, and  quite  ^ 
difTusible;  bitter 
taste ;  not  coagu- 
lated by  heat. 


Aniplio-,   anti-   and   hemi-    groups    not    drfiiiitt' 

bodies. 
Peptids   do   not   ^ive  hiiir«'t    roaction. 
Antipeptons,    on     artificial     trvptic    di<^«'sti(>ii, 

yield  protamins. 
Both   poptoiis  and  albumosos   may  hv   prodiict'd 

by  putrefaction. 
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Compound  Proteins,  or 
Proteids. — Yield  on 
cleavage  (boiling 
with  dilute  mineral 
acids)  simple  pro- 
teins and  non-pro- 
teins. 


Glucoproteids, 
or  metalbu- 
mins  (acid, 
viscid, 
thready). 


Mucin — cells  of  mucous  mem- 
branes, saliva,  tendons,  um- 
bilical cord;  pptd.  by 
Pb  ( C2H3O2 )  2,  HC2H8O2  ( if 
neutral  salts  absent),  or 
alum;  soluble  in  dilute  al- 
kalies; swells  in  HoO  and 
dissolves  in  excess;  cleaves 
into  albumin  and  a  carbo- 
hydrate reducing  agent — 
no  S. 
Mucoids — connective  tissue, 
cartilage,  cornea,  sclera, 
and  ovarian  liquids;  simi- 
lar cleavage  products  to 
mucin,  but  not  pptd.  by 
H  02^302* 

Nucleins — chief  component  of  cells;  5  per  cent.  P 
(as  II3PO4)  in  combination  with  albumin  or 
a  nuclein  base  (adenin,  guanin,  xanthin,  hy- 
poxanthin) ;  most  contain  Fe;  readily  solu- 
ble in  dilute  alkalies,  not  attacked  by  gastric 
juice.  Pseudonudeins  yield  no  xanthin 
bases. 
Nucleo-proteids  (compounds  of  nucleinic  acid 
with  histons,  protamins  and  other  albumins) 
— ^gland-cells;  viscid;  acid  reaction;  soluble 
in  II2O;  thrown  out  of  solution  by  HC2U3O0 
or  neutral  salt  solutions.  Phosphocarnic  acid 
is  a  gluconucleo-proteid  in  muscle. 
Nucleoalbumins  (phosphoglobulins)  include 
vitellin,  casein,  phytoglobulins,  etc.;  all  con- 
tain Fe  and  have  marked  acid  properties; 
thev  are  soluble  in  alkalies. 

Hemoglobins  ( hematoglobulin, 
hematocrystallin)  — oxygen- 
carriers  ;  contain  Fe ;  soluble 

in  H2O;    CqooHq0qNi54Oi79- 

FeS|3. 
Vitellin  — 15  per  cent,  of  yelk 
of  hen's  eggs;  P  and  globu- 
lin   and    nuclein    radical; 
hematogen  =  ferronuclein. 
Caseinogen      ( paranucleo-albumin,     pseudonu- 
clein) — 1  per  cent,  of  woman's  milk,  3  per 
cent,  of  cows';   coagulated  by  rennet,  form- 
ing calcium  caseate;   pptd.  by  excess  of  neu- 
tral salts  or  by  acia    (removes  combining 
alkali ) ;  contains  P,  albumin,  and  a  nuclein 
radical. 
Lecith-albumins  —  milk,    stomach,    and    liver; 

albumin  and  phosphorized  fat. 
Lardacein  (amyloid  substance) — ^friable,  trans- 
lucent, pathologic  product  in  viscera ;  colored 
red  by  I,  blue  or  violet  by  I  and  dilute 
H2SO4;  soluble  only  in  strong  adds  or 
alkalies. 


Chro  mo -pro- 
teids   (com- 
pounds of  a  •< 
hiflton   with 
hematin). 
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Albuminoids,  Oluiin- 
oid8  or  Chlatinoids. 
— In  bones  and  pro- 
tective parts ;  gen- 
erally insoluble  and  - 
indigestible;  less  C 
and  S  and  more  N 
than  in  other  pro- 
teins. 


p  Collageus,  or  glutins — white  connective  tissues, 
tendons,  skin,  and  bones;  gelatin  (soluble  in 
warm  water )  is  hydrated  ossein  or  collagen ; 
gliadin  is  plant-gelatin;  the  only  digestible 
albuminoids;  tannin  prevents  putrefaction; 
purest  source  of  gelatin  is  isinglass,  or  ich- 
thyocolla  (used  in  court-plaster)  ;  glue  or  size 
is  impure  gelatin  from  hides  and  parings;  liquid 
glue,  a  solution  in  IIC0H3O2.  Catgut  (sheep- 
gut)  is  chiefly  collagen.  Gelatin  is  used  for 
capsules  and  for  coating  pills  and  for  clari- 
fying beer  and  wine. 

Chondrin — in  cartilage  or  gristle;  very  like 
collagen. 

Albumoid — cartilage;  contains  S;  digested  by 
gastric  juice. 

Ileticulin — reticular  tissue  (fibrous  framework 
of  lymph-glands,  pulmonary  alveoli  and  in- 
testinal raucous  membrane). 

Eleidin  —  intermediate  between  keratins  and 
protoplasm;    stratum  granulosum  of  skin. 

Elastin — yellow  connective  tissue,  fascia?,  aortic 
walls  and  ligaments;  contains  no  S;  hard 
and  brittle  when  dry:  converted  during  di- 
gestion into  elastoses    (like  albumoses). 

Fibroin — chief  coustitutent  of  silk;  covered 
with  a  glue,  sericin. 

Chitins — skeletons  of  invertcbrata. 

Spongin — chief  ingredient  of  sponges. 

Enzymes — nucleo-proteids  probably;  optically 
active  (see  "Ferments"). 

Hexone  bases  (containing  6  C),  lysin.  arginin. 
histidin.  obtained  from  albumins  by  splitting 
with  mineral  acids,  are  of  theoretic  interest 
onlv. 

General  Protein  Reactions. — Use  -i-pcr-cent.  solution  of  egj^-alhu- 
min  and  of  pepton;    a  number  of  tests  should  always  bo  employod. 

Biuret  Test  (Diamid  Group). — Add  an  ocjual  volume  of  strong 
KHO,  heat  to  boiling,  and  add  1  or  2  drops  of  very  dilute  CUSO4.  All 
proteins  give  a  violet  color  except  gelatin  (bluisli  violet  in  the  cold)  an<l 
albumoses  and  peptons  (purple-rod  in  cold).  Biuret  has  the  formula 
C2O2N3H5.      When    heated    it    gives    otT    NHo,    leaving    cyanuric    acid. 

Milton's  Reaction  (Oxyphenol  Group.) — The  reagent  is  prepared  by 
•dissolving  Hg  in  an  equal  weight  of  II NO-^,  keeping  cold  at  first,  tlieii 
using  gentle  heat,  and  when  dissolved  adding  2  volumes  of  H2O.  A  few 
drops  added  to  albumin  solutions  give  a  white  ppt.,  turning  red  on 
boiling. 

Xanthoproteic  Reaction  (\itroproducts  of  Phmol  and  Ti/rosin). — 
Add  an  equal  volume  of  HNO3  and  boil,  getting  a  yellow  ppt.  or  solution, 
which  turns  orange-yellow  on  cooling  and  adding  excess  of  NallO. 

Adamkieioioz's  Reaction  (Indol  and  Skatol). — Mix  2  c.c.  of  TT2SO4 
with  4  c.c.  of  glacial  acetic  acid  and  add  a  fragment  of  tlie  dry  ])rotein 
or  a  drop  of  concentrated  solution.  On  slightly  warming,  a  beautiful 
reddish-violet  color  appears. 

Liehermann*s  Reaction  (yon-aromatic  Groupfi). — To  2  or  3  c.c.  of 
HCl  add  1  or  2  drops  of  undiluted  egg-alhumin,  and  Iwil  several  niinuto'^, 
getting  a  pink  or  violet  color. 

Ammonia  Test. — Mix  dry  protein  with  excess  of  soda  lime,  and  heat 
in  a  dry  test  tube;    test  vapors  for  Nil; 
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Precipitation  Reactions. — By  coagulation,  wliieh  is  favored  by  pres- 
ence of  NaCl,  especially  albumoses. 

Heat. — Ppts.  serum-albumin  about  50**  (75°  if  salt  be  present); 
egg-albumin  (54°);  plant-albumin  at  61°  to  63°;  myosin  (40°  to  50° 
in  salt  solution )  and  vitellin  (75°);  fibrinogen  (56°)  and  globulin  (75°), 
but  not  acid  or  alkali  albumin,  albumoses  (clears  up  ppC),  peptons,  or 
gelatin. 

Acids. — Nitric  best  by  contact — on  boiling,  acid  albumin  forms  and 
ppt.  dissolves.  Phospbotungstic  and  phosphomolybdic  acids  ppt.  all 
proteins  in  presence  of  11  CI.  A  solution  of  phospbotungstic  acid  is 
prepared  by  adding  H3PO4  to  a  hot  solution  of  sodium  tungstate  till 
quite  acid,  then  acidulating  more  strongly  with  HC2H3O2)  and  filtering 
after  standing  a  few  hours. 

Strong  HC2H3IO2  <^^  ^A^^^CJy^  (10  per  cent,). — ^A  very  delicate  test 
for  all  proteins  except  peptons:     1  or  2  drops  of  each  to  5  c.c.  of  solution. 

Metallic  Salts,— (KI) 2^^812  ^^^  HgCl2  (ppt^  dissolved  by  NaCl 
solution). 

Br  Water. — Sticky  yellow  ppt.  with  gelatin. 

Alcoliol. — In  large  excess  ppts.  all  proteins,  and  after  a  time,  if 
strong,  coagulates  them. 

MgSO^. — Saturation   ppts.  globulins,  not  albumins. 

(NU4J2SO4,  Heating  with  an  equal  volume  of  saturated  solution 
ppts.  all  except  peptons  and  solutions  of  alkali  albumins  in  alkalies. 

Tannin. — Ppts.  pepton  as  well  as  others.  Ppt.  soluble  in  excess  of 
protein,  in  lactic  or  acetic  acid  and  in  alkalies. 

Polariscopy. — Serum  albumin  has  a  s.  r.  power  of  —  62.6°;  egg- 
albumin, —  35.5°. 

Staining. — Nucleoproteids  (particularly  chromatins)  have  acid 
characteristics  and  take  up  basic  dyes;  extranudear  proteida  (chiefly 
basic)  are  stained  by  acid  dyes. 

Globulins  are  more  readily  salted  out  from  solution  than  albumins; 
thus,  half  saturation  with  (NH4)2S04  ppts.  globulins;  complete  satu- 
ration is  necessary  to  ppt.  albumins. 

Separation  of  Chief  Proteins. — Serum-globulin  is  pptd.  by  saturat- 
ing with  MgS04  at  30°. 

Scrum-albumin  is  pptd.  from  filtrate  by  saturating  with  Na2S04 
at  40°. 

Albnminat4^a  are  pptd.  by  neutralizing  second  filtrate. 

Albumoses  are  pptd.  by  saturating  third  filtrate  with  (NH4)2S04. 
(Primary  pptd.  by  saturating  with  NaCl;  secondary,  by  NaCl  in  acid 
solutions.  Protalbumose  is  pptd.  by  a  2  per  cent.  CUSO4  solution; 
deuteroalbuniose  is  not.  Dysalbumose  is  formed  by  subjecting  hetero- 
proteose  to  the  action  of  H2O  for  a  long  time.) 

i^'ptons  are  pptd.  by  adding  tannin  to  fourth  filtrate. 

Gelatin  in  dilute  solution  resembles  pepton,  but  is  pptd.  easily 
with  alcohol  or  by  saturating  with  (NH4)2S04.  It  is  not  pptd.  by  acetic 
acid,  but  by  Br  water,  HCl  and  phospbotungstic  acid.  It  responds  to  the 
biuret  and  xanthoproteic  reactions  but  not  to  Millon's  test. 

Metallic  salts  are  commonly  absorbed  as  albuminates.  The 
albuminate  of  Fe  (ferratcd  albumin)  appears  in  red-brown  solu- 
ble scales  or  powder  and  contains  about  20  per  cent,  of  Fe. 
It  is  made  by  combining  solution  of  ferric  oxychlorid  with  dried 
efl:g-albumin  in  sufficient  water,  neutralizing  with  NaHO,  and 
washing  and  drying  on  glass  plates.  Nucleids  are  metallo-nuclein 
compoimds  formed  by  dissolving  the  freshly  pptd.  axid  of  the 
metal  in  pure  nucleinic  acid  derived  from  yeast,  the  resulting 
nucleid  being  then  pptd.  by  addition  of  excess  of  alcohol.    The 
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nacleids  are  soluble  in  water,  and  are  quite  stable.  Ambrosin  is 
a  wliite,  odorless,  tasteless  colloid  substance  extracted  from  the 
pollen  of  ragweed,  and  is  thought  to  be  the  direct  cause  of  hay 
fever. 

The  cells  of  bacteria  consist  of  a  protoplasmic  eubstiince 
without  a  nucleus,  enclosed  within  a.  cellulose  or  albuminous 
envelope,  which  may  swell  and  become  gelaiinoiis  by  taking  up 
water.  A  siipplyof  0  is  absolutely  necessary  to  spore  formation. 
Pathogenic  bacteria  thrive  best  at  the  body  temperature;  non- 
pathogenic, about  20°.  Nearly  all  pathogenic  microbes  are 
facultative  anaerobic.  Unfixed  cocci  always  show  Brown ian 
molecular  movements  and  fluid  currents. 


F£BMEirrS, 

These  are  substances  which  ciiuse  selective  ('"key  in  lock") 
chemic  changes,  chiefly  livdvolyais.  without  themselves  under- 
going any  appreciable  change.  They  were  so  named  because 
of  the  effervescent  effect  of  yeast  on  sugar  solutions,  and  are  in 
tfTect  colloidal  catalyzerB,  They  are  classified  as  unorganized 
and  organized.  The  presence  of  an  electrolrte  in  the  solution 
seems  necessary  to  fermentation.  Different  ferments  often  work 
topether,  forming  symbiotic  products.  HgCl2,  phenol  and  sul- 
phites paralyze  ferment  action.  Ferments  are  probably  present 
in  every  cell,  taking  part  in  all  vital  changes.  The  liver  contains 
at  least  eleven  ferments.  The  presence  of  normal  ferments  in 
dead  tissue  leads  to  spontaneous  decomposition  (autolysis),  with 
fonnatiou  of  acids  and  other  product^.  The  ferments  of  one 
••rgan  have  also  a  less  markeil  lytic  action  ( heterolysis)  upon 
another  organ.  Tissue  ferments  are  isolated  by  crushing  tissues 
with  quartz  sand  and  then  expressing  tissue  juices  under  a  high 
pressure  (300  to  500  atmospheres). 

T'norgauized  ferments,  or  enzymes,  are  excreted  by  organ- 
ized ferments  or  secreted  by  living  tissue-cells.  They  seem  to  be 
related  to  nucleoproteids.  They  exist  in  animal  cells  in  an 
inactive,  more  complex  state,  called  zymogens  (pepsin  as  pepsino- 
gen), and  become  active  when  exposed  to  the  air.or  to  the  action 
of  ai^ids  or  alkalies  or  to  special  activators  (kinases).  They  are 
fIowIv  diffusible,  soluble  in  glycerin  (when  impure)  and  water, 
from' which  absolute  alcohol,  Pb(CaH..,02)2,  or  {NHi)2S04 
ppts.  them.  They  are  capable  of  transforming  a  large  amount 
of  Uie  substance  affected.  Enzymes  are  not  quantitatively  in- 
volve<l  in  the  reactions  which  they  set  up,  but  time  is  a  factor. 
The  digestive  ferments  are  mutually  destructive,  and  each  is 
deetroyed  by  an  opposite  reaction  to  that  of  its  normal  medium. 
Fermentation  is  the  breaking  up  of  an  organic  substance  brought 
about  by  an  enzyme  produced  by  living  cells.  It  substitutes  and 
supplements  direct  oxidation.     The  acid   fermentation  of  un- 
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digested  carbohydrates  checks  the  putrefaction  of  undigested 
proteids. 

Enzymes,  as  a  rule,  act  best  (optimum  temperature)  at  or 
near  the  temperature  of  the  Iniman  body.  A  low  temperature 
inhibits  their  action,  and  all  coagulate  and  lose  their  potency 
when  heated  in  a  moist  state  much  above  40°  (animal,  75° ; 
vegetable,  SO'').  When  dry  they  withstand  a  temperature  of 
ir)0°.  An  excess  of  zymolytic  products  retards  and  stops  fer- 
ment action  for  the  time. 

Ferments  which  break  down  proteins  into  simpler  products 
are  termed  proteolytic ;  those  that  convert  amyloses  into  sugars, 
amylolytic ;  fat-splitting  ferments,  steatolytic ;  curdling  or  clot- 
ting, coagulant;  and  those  that  change  more  complex  to  simple 
sugars,  glycolytic.  Prote<jlytic  enzymes  have  been  used  for  the 
removal  of  false  membranes. 

Reductases  (reducing  enzymes)  reduce  S  to  II2S.  Glucosid- 
splitting  ferments  are  found  in  plants.  In  naming  enzymes 
suffix  ase  to  the  stem  of  the  name  of  the  substance  upon  which 
it  acts. 

Of  the  vegetable  enzymes  diastase  (maltin,  amylase)  is  most 
important.  It  is  derived  from  the  gluten  of  sprouting  cereals. 
It  converts  starch  (3000  parts)  into  dextrins,  then  maltose. 
Diastase  is  really  a  mixture  of  amylase  (liquefying  and  sacchari- 
fying) and  amylocoagulase  (ppts.  soluble  starch  from  its  solu- 
tions) .  Diastatic  action  on  three  molecules  of  starch  yields  malt- 
ose and  dextrin. 

Malted  barley  contains  two  other  ferments,  the  one  acting  on 
protein,  the  other  on  cellulose,  dissolving  the  husk.  Sweet 
extracts  of  malt  are  infusions  of  malted  barley  containing  dex- 
trins,  maltose,  and  dextrose,  and  should  contain  the  active  fer- 
ments. Bitter  malt  extracts  are  simply  weak  beers.  The  dias- 
tase of  blood-serum  and  hmph  converts  glycogen  into  dextrin 
and  maltose. 

Experiment. — Make  a  little  staroh  paste ;  add  a  drop  of  an  I  Bohi- 
tion  and  several  drops  of  a  good  malt  extract.  Warm  for  twenty 
minutes  at  body  temperature.  Note  changes  in  color  (dextrine)  and 
reducing  action  of  final  product  on  an  alkaline  copper  solution. 

Lactase  converts  lactose  into  two  monosaccharose  groups. 
Maltase  (glucase)  changes  maltose  into  glucose;  saccharase  acts 
on  cane-sugar.  Inulase  changes  inulin  into  fructose.  Pectinase 
converts  the  pectin  jelly  substance  into  a  reducing  sugar.  Cellu- 
lase,  or  cytase,  converts  cellulose  into  sugar. 

Emulsin,  or  synaptase,  occurs  in  sweet  and  bitter  almonds 
and  other  vegetable  products.  It  is  a  white  mas8>  which  con- 
vei-ts  araygdalin  into  dextrose  and  HON.  A  similar  feiment 
has  been  found  on  parasitic  plants  growing  on  trees. 

Papain  (papayotin)  is  present  in  the  milky  juice  of  the 
paw-paw  tree.     It  is  a  white,  granular  powder,  proteolytic  in 
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action^  with  leucin  as  the  end-product.     It  also  curdles  milk. 
It  can  act  in  a  feebly  acid^  neutral^  or  alkaline  medium. 

Bromelin  is  another  proteolytic  ferment  obtained  from  pine- 
apple. It  is  capable  of  digesting  100  times  its  own  weight  of 
protein  in  a  few  hours,  and  is  active  in  both  acid  and  alkaline 
media.  Myrosin  is  the  essential  enzyme  of  mustard.  The  yeast- 
plant  (baker's  or  brewer's  yeast)  produces  a  glycolytic  ferment 
(invertin)  which  changes  cane-sugar  to  glucose  and  which  is  set 
free  by  the  death  of  the  cells.  Zymase  and  endotryptase  are  other 
veast-ferments,  separated  by  pressure.  Zymase  causes  alcoholic 
fermentation  of  glucose.  Laccase  is  an  oxidase  which  causes  tlie 
darkening  of  the  sap  of  the  Japanese  lac  tree  (forming  lacquer) 
and  other  saps  and  juices. 

Oxidases  (oxygenases)  are  found  in  most  plants,  particularly 
in  the  green  leaves.  They  yield  0  to  other  substances  and  at 
once  reoxidize  themselves.  They  turn  tincture  of  guaiac  blue  by 
direct  transference  of  the  molecular  0  of  the  air.  Peroxidases 
give  up  0,  and  reoxidize.  They  contain  Mn,  Fe,  Al  or  Cu.  Only 
on  addition  of  H2O2  will  they  turn  guaiac  blue.  Catalases  do 
not  reoxidize  themselves  from  the  air.  They  are  agents  in  proto- 
plasm which  decompose  HoOo  so  that  peroxidases  can  utilize  the 
liberated  0. 

Experiment. — Emulsion  of  fresh  alcoholic  guaiac  with  water  is 
turned  blue  by  a  piece  of  raw  potato  (oxygenases),  but  is  not  turned 
blue  by  blood  or  raw  meat  (peroxidases)  until  HoOo  is  added.  Tlie 
bubbles  of  free  O  seen  on  pouring  H2O2  on  fluids  or  tissues  shows  the 
presence  of  catalases. 

Animal  ferments  are  the  essential  factors  in  digestion. 
They  are  usually  extracted  with  glycerin,  pptd.  with  absolute 
alcohol,  and  preserved  in  solution  by  antiseptics,  such  as  0.5 
per  cent.  CIICI3,  5  per  cent.  th}Tnol,  1  per  cent.  HC7H5O3,  and 
15  to  25  per  cent.  C2H5HO.  Or  the  digestive  juice  may  be 
treated  several  hours  with  dilute  H3r04,,  and  then  with  lime- 
water,  when  the  pptd.  Ca3(P04)2  drags  down  the  enzyme  me- 
chanically; the  ppt.  is  dissolved  in  HCl  and  dialyzed. 

The  proteolytic  enzymes  include  pepsin,  trypsin,  and  crop- 
sin.  Pepsin  is  secreted  by  tlie  stomach-glands  as  pepsinogen, 
and  requires  HCl  to  complete  and  render  it  active.  Its  action  is 
favored  by  0.1  per  cent.  NaCl  and  by  dilute  antiseptics;  re- 
tarded by  sugar,  alkalies,  tea,  colfee,  alcohol,  excess  of  HCl, 
regurgitated  bile,  or  metallic  salts  (except  calomel).  The 
U.  S.  P.  preparation  is  capable  of  digesting  GOOQ  parts  of 
freshly  coagulated  egg-albumin  in  six  hours.  It  is  destroyiMl 
when  in  solution  by  heating  to  5.")°  C,  or  by  treating  with  0.:) 
per  rent.  soda.  Tr^-psin  (trypsinogen  plus  enterokinase)  arts 
on  proteins  the  same  as  pepsin,  but  more  powerfully.  It  requires 
a  slightly  alkaline  medium  (0.3  per  cent.  XaoCO.s).  Ercp>in 
converts  peptons  and  albumoses  into  crystalline  amido-acids.     It 
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is  present  in  all  the  organs  of  the  body.  The  pseudopepsin  of 
the  fundus  and  pyloric  part  of  the  stomach  and  of  the  glands 
of  Brunner  acts  in  an  alkaline  as  well  as  an  acid  medium.  Chy- 
mase  is  a  specific  ferment  in  the  gastric  juice  which  stimulates 
the  action  of  the  pancreatic  ferments. 

Amylolytic  animal  ferments  include  the  ptyalin  of  saliva 
and  the  amylopsin  of  pancreatic  juice.  The  former  acts  best 
on  boiled  starch.  The  last  is  aided  by  the  presence  of  bile,  and 
is  identic  in  action  with  vegetable  diastase,  changing  starch 
to  dextrins,  then  isomaltose  and  maltose,  and  sometimes  glu- 
cose.   In  young  infants  both  these  enzymes  are  deficient. 

Experiment. — Show  amylolytic  action  of  saliva  by  chewing  an 
oyster-cracker  for  ten  or  fifteen  minutes,  testing  a  little  at  short  inter- 
vals for  dextrins  and  maltose. 

The  glycolytic  fennent  invertase  (invertin,  lactase,  maltase, 
sucrase)  is  the  active  agent  in  the  intestinal  juice,  converting 
200,000  parts  of  compound  sugars  to  glucose.  A  similar  ferment 
exists  in  the  saliva  and  pancreatic  gastric  juice.  There  are  also 
glycolytic  ferments  in  the  blood  and  other  tissues  and  oxidizing 
fcmients  (oxidazes)  in  the  blood.  Maltase  and  other  enzymes 
may  excit  reversed  zymolysis :  e.g.,  .change  dextrose  to  maltose. 
Pancreatin,  IT.  S.  P.,  is  a  mixture  of  pancreatic  ferments  usually 
extracted  from  the  fresh  pancreas  of  the  hog. 

Steapsin  (pialyn,  lipase)  is  a  fat-cleaving  ferment  present 
in  the  pancreatic  juice  and  the  bile.  It  splits  oils  and  fats  into 
glycerin  and  fatty  acids.  The  latter  form  soaps  with  the  Nao- 
CO3  present,  and  these  emulsify  the  remaining  fats.  Lipase  is 
present  in  many  vegetable  substances. 

Rennin  (chymosin,  lab-ferment)  is  a  milk-curdling  fennent 
produced  by  the  stomach  and  the  pancreas,  especially  of  young 
animals,  and  acts  best  in  an  acid  medium.  Alkalies  or  excess 
of  acid  destroys  it.  For  the  action  of  rennin,  as  well  as  for 
tlie  clotting  produced  by  the  fibrin-ferment  of  the  blood  and 
myosin-ferment  of  muscles,  the  presence  of  Ca  salts  is  necessary. 
P'ibrin-ferment  (thrombin)  probably  comes  from  the  disintegra- 
tion of  leucocytes  and  blood-plaques  when  the  vessels  have  been 
injured.  Coagulases  include  this  thrombase  and  rennet.  It  is 
hold  by  some  that  the  milk-curdling  ferment  is  identic  with 
pepsin  and  with  trypsin. 

Histozym  is  a  ferment  in  the  kidneys  which  converts  ben- 
zoic into  hippuric  acid  and  glycocoll.  There  may  be  two  fer- 
ments in  the  liver:  one  to  dehydrate  glucose  into  glycogen,  the 
other  to  change  glycogen  to  glucose;  or  else  a  single  enzyme 
(from  pancreas)  acts  in  both  ways. 

To  explain  the  action  of  enzymes  we  may  assume  either 
that  they  combine  with  starch,  sugar,  or  proteins  to  form 
hydrates  with  IIoO  and  then  split  off  the  enzyme;  or  that  their 
molecular   vibrations   coincide   with   those  of   the   fermentable 
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substance,  and  that  they  serve  simply  as  catalyzing  agents  to 
liberate  impulses. 

The  reversible  action  of  the  body  enzymes  doubtless  plays 
a  very  important  part  in  metabolism,  by  establishing  a  chemic 
equilibrium  between  the  fermented  substance  and  the  products 
of  its  fermentation.  Thus,  fat  is  digested  by  steapsin  in  the 
intestine  only  wlien  the  resulting  glycerin  and  fatty  acids  are 
removed  about  as  fast  as  formed.  In  the  tissue  fluids,  on  the 
other  hand,  the  dissociation  products  are  in  excess,  the  enzynie 
activity  is  reversed,  and  fat  is  deposited.  During  starvation  the 
lipase  acts  directly,  as  during  digestion,  on  the  fat  deposits  of 
the  body,  and  the  fatty  acids  and  glycerin  of  the  cells  diffuse 
into  the  blood. 

Rennin,  trypsin,  diastase  and  other  enzymes  excite  the  for- 
mation of  antibodies.  Antibodies  in  turn,  when  injected  in  an 
active  state  into  new  animals,  bring  about  the  formation  of  still 
other  antibodies. 

Living  or  organized  ferments  ("active  ferments'')  are  low 
vegetable  micro-organisms,  mostly  bacteria,  acting  best  at  20° 
to  40°  and  causing  both  normal  (proteolytic,  amylolytic,  glyco- 
lytic, and  fatrcleaving)  and  pathogenic  fermentation  in  the 
organism.  They  contain  fat,  cellulose,  albumin,  and  salts.  Un- 
like enzymes,  their  growth  is  checked  by  antiseptics  (1  per  cent, 
of  NaF  or  CHCI3).  Heating  to  100°  kills  them  except  a  few 
spores,  and  absence  of  moisture  inhibits  their  action.  They  act 
by  virtue  of  unorganized  enzymes  which  they  secrete.  A  nuclease 
is  an  enzyme  which  has  a  bacteriolytic  power  on  the  organism 
which  produced  it,  and  sometimes  on  others  also.  Pyocyanase, 
a  nuclease  derived  from  B.  pyocyaneus,  has  a  bactericidal  action 
on  typhoid,  cholera,  diphtheria  and  plague  bacilli. 

The  yeast-fungus  (Torula,  Saccharomyces)  appears  in  oval 
budding  forms  of  several  varieties,  present  in  the  air  and  on 
fruits.  It  decomposes  95  per  cent,  of  glucose  to  alcohol,  but  is 
killed  when  the  latter  becomes  concentrated  (yeast  ceases  to 
act  at  14  per  cent.).  The  soluble  enzyme  invertase,  produced 
by  yeast-cells,  changes  cane-sugar  to  glucose,  which  is  further 
acted  on  by  the  yeast,  CHCI3  stops  the  alcoholic  fermentation, 
but  not  inversion.  HF  destroys  objectionable  ferments,  and 
does  not  interfere  w^ith  yeast  fermentation,  thus  increasing  the 
yield  of  alcohol. 

The  yeast  plant  in  air  multiplies  rapidly  and  oxidizes  sugar 
into  acetic  acid,  with  hardly  any  formation  of  alcohol ;  anaero- 
bically  it  forms  alcohol  and  CO2.  Yeast  fermentation  takes 
place  below  30° ;  butyric  and  acetic,  above  30®.  Common  yeast 
inverts  cane-sugar  and  maltose ;  kefir  granules  invert  cane-sugar, 
maltose  and  lactose.  S.  cerevisise  is  the  common  beer  yeast  used 
by  brewers  and  distillers.  The  natural  fermentation  of  grapes 
is  due  chiefly  to  S.  apiculatus  and  S.  ellipsoideus,  which  grow 
upon  this  fruit 
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Mycodenna  acett  ("mother  of  vinegar")  is  made  up  of 
aerobic  Btreptococci  (Bact.  aceti),  which  oitidize  alcohol  (con- 
taining phosphates  and  a  little  albumin  or  NH4  salts)  to  acetio 
acid.  Certain  ester-producing  bacteria  change  malt  to  wine. 
The  mold,  Hucor  mucedo,  cnuBea  alcoholic  fermentation.  The 
molds  of  medicinal  ajTupe  consist  of  Penicillium  glaucum. 

Oidium  albicans  (thrush,  or  sprue)  is  a  mycelial  growth 
{long,  adherent  cells)  collecting  in  the  oral  cavities  of  poorly 
nourished  individuals,  and  forming  in  part  the  tartar  on  teeth- 

The  bacilli  lactiei  (14  varieties)  and  butyriei  grow  best 
without  0,   and   cause,  respectively,   lactic-  and  butyric-   acid 


fenncDtation  of  mucus,  sugare,  and  proteins.  Intestinal  colic 
(from  H)  is  due  largely  to  their  gaseous  products.  The  bacillus 
bntylicus,  found  on  cereals,  furnishes  an  inverting  and  a  pep- 
tonizing ferment. 

The  micrococci  urese  (ferment,  urease)  are  the  most  com- 
mon factors  in  the  ammoniacal  fermentation  of  urine,  but  urease 
is  secreted  by  various  other  bacteria.  They  occur  in  air  and  in 
most  soils  and  natural  waters.  Argenase  is  a  urea-forming  fer- 
ment in  the  body. 

Putrefying  ferments  are  both  aerobic  (outside  body)  and 
anaerobic  (intestines — alkaline).  They  act  mostly  on  proteins, 
the  anaerobic  producing  H  and  fatty  acids,  then  NH3,  HoS, 
PH3,  COn,  amins,  amids,  and  phenol  compounds,  and  finally 
peptons,  toxalbumins,  and  ptomains. 

Nitrifying  ferments  are  oxidizing  agents,  converting  NHs 
and  albuminoids  into  nitrous  and  nitric  acids,  which,  in  contact 
with  the  mineral  matters  of  the  soil  or  of  surface  waters,  form 
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nitrites  and  nitratee,  eesential  plant-foods.  The  rootlet  nod- 
ules of  beans,  peaae,  elover,  and  othsr  legumiaosse  contain 
myriads  of  these  bat-teria,  which  enable  the  plants  to  utilize 
the  nitrogenous  matters  in  air  and  Boil  and  even  to  fix  the 
free  N  of  the  atmosphere. 

The  pathogenic  organisms  of  specific  infections  eicite  dis- 
eases mainly  by  means  of  the  toxins  which  they  generate  while 
rioting  in  tjie  fluids  of  the  body. 

Colloidal  Pt  breaks  up  a  million  times  its  quantity  of  HaOai 
and  remains  as  strong  as  ever.  It  ia  also  glucolytic  and  lipolytic 
in  action.  Certain  substances  (as  HjS  or  HCN  with  Pt)  act 
as  poisons  or  negative  catalyzers,  markedly  retarding  reaction, 
even  when  in  very  minute  amounts. 

Fermentation  and  putrefaction  of  foods  are  best  prevented 
by  cleanliness  and  freezing  or  cooking  (various  bacteria  are  able 
to  survive  temperatures  as  low  as  0°  or  aa  high  as  72°)  and 
sealing  in  air-tight  vessels,  thus  excluding  the  access  of  germs 
from  the  atmosphere.  Salt  acts  as  a  preservative  by  removing 
the  water  necessary  to  bacterial  growth. 


QUESTioirs  on  tee  casboii  coKPomnia. 

1,  What  is  the  preBent-dny  signifioanre  of  the  term  organiat 

2,  Diatinguish  between  «  hydrocarbon  and  a  carbohydrate. 

3,  How  prove  tbat  a  substance  is  organic? 

4,  How  prove  that  a  aiibatance  ia  nitrogenous? 

5,  Mention   five   petroleum   derivatives. 

G.  Name  tlirce  esaential  oils  isomeric  with  turpentine. 
7.  Why  ia  burning  acetylene  more  luminous  than  metbaneT 
S,  Of  what  is  benzene  the  source  T 

9.  DieUnguish  chemically  between  an  eaacntial  oil,  a  reain,  oleo- 
resin,  a  balsam,  and  a  gum, 

10.  What  are  artificial  fruit  flavorsT 

11.  Write  equation  for  alcoholic  fermentation  of  glucoae. 

12.  What  ia  "hard  eider"! 

13.  Write    graphic    formulas    for    phenol,    benKaldehyd,    benzene, 
butane,  salicylic  acid. 

14.  Show  by  formulas  the  relations  between   the  three  classes  of 
carbohydrates. 

15.  How   distinguish   by   chemic   test«   between   dextrose,   maltose, 
and  lactose? 

16.  Write  equation  for  "flre-damp"  explosion. 

17.  Explain  drying  of  paiiita  with  turpentine. 

IS.  Describe  and  explain  the  tests  for  the  purity  of  CHCI3. 

19.  What  special  precautions  should  be  employed  in  using  ether 
as  an  anesthetic  ? 

20.  Why  are  baking  soda  and  ammonia  suitiible  applicationa  for 
insect-  and  nettle-  stingsT 

21.  Which  contains  more  olein,  lard  or  lallowT 

22.  What  causes  the  curd  when  we  use  soap  in  hard  water! 
S3.  Mention  three  carbohydrates  of  animal  origin. 
24.  Why  ia  a  mixture  of  dextrose  and  levulose  called  invert-sugarT 
ZS.  What  ia  the  difTerence  between  a  ptomain,  leucotuain,  and  a 

toxin  T 
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ZO.  What  is  likely  to  be  formed  it  we  prescribe  chloral  hvdrate 
with  alkalies  I 

Z7.  What  official  ointment  contains  cloiilin! 

2S.  What  dangers  in  anesthesia  from  badly  kept  chloroform  T 

89.  How  are  ink-atains   removed  bj  oxalic  acidT 

30.  Explain  spontaneous  combustion  of  grenaj  rag9, 

31.  Give  formula  of  pnraformaldehyd. 

32.  Give  formula  of  acid  radical  (acetyl)  of  acftic  acid;  formula 
b<of  basic  radical.  What  is  the  difference  in  composition  between  allcjl 
I  l:«dicals  and  acid  radicals? 

33.  Does  gallic  acid  tan  leather,  and  whyT 

34.  What  makes  garden  rhubnrb   ("pie-plant")   so  BOurT 

35.  la  ether-vapor  lighter  or  heavier  than  air! 

30.  Write  equation  for  reaction  between  ScidlitK  powders. 

37.  How  does  clover  restore  the  fertility  of  fields! 

38.  Explain  the  action  of  hair-dyes  containing  lead  salts. 

39.  How  distinguish  the  action  of  organized  from  unorganized  fcr- 

40.  How  does  lemonade  render  the  urine  less  acid! 

41.  What  organic  acid  keeps  the  urine  acid! 

42.  Why  are  the  foul  est- smelling  stools  alkaline! 

43.  Why  is  air  needed  to  change  weak  alcoholic  liquors  to  vinegar! 

44.  Why  are  alkaloids  often  preferred  in  medicine  to  the  crude 
drugs  and  their  preparations! 

45.  How  i»  tea  an  antidote  for  alkalnidal  poisons  generally! 

46.  Why  do  animal  substances  putrefy  readily! 

47.  How  doe*  butter  become  rancid! 

48.  Why  is  sweat  sour! 

49.  What  causes  the  very  bad  smell  of  some  persons'  feet! 

60.  How  do  sweet  foods  often  cause  a  "sour  stomach!" 
BI.  Why  does  new  cider  cause  diarrhea! 

52.  Why  is  "rot-gut"  whisky  bo  injurious! 

53.  How  ia  bread  raised  with  jenat! 
64.  How  do  alcoholics  save  the  tissues  in   fever! 
SG.  Bow  are  wines  ripened! 

G6.  How  ia  glycerin  produced  in  the  lK>dy! 

ST.  Explain  the  color-changes  of  litmua  with  acids  and  baees. 

68.  How  test  for  the  presence  of  cHrbolic  acid  in  creosote! 

66.  Distinguish  between  an  amid,  an  amin,  an  anitid,  and  an  amido- 

80.  Why  should  boiling  uater  not  be  used  in  making  a  mustard 

61.  Calculate  from  formula  the  relative  proportions  of  glycerin 
and  oleic  acid  in  triolein. 

62.  How  could  you  separate  castor-oil  from  other  fixed  oils! 

63.  Write  equation  for  hydrolysis  of  cellulose  with  formation  of 
methane. 

64.  Give  the  formulas  of  methyl  chlorid,  methene  chlorid  and 
met  he  ny  I  chlorid. 

65.  Give  another  name  for  hydroxy  benzene,  carboxy  benzene,  amido- 
benzene,  phenylcarbinol,  phloroglucol,  hydroxymethoxy benzene,  ortbo- 
hydroxycarboxy  benzene,  hydroxy  toluene,  allyl  guaiacol,  carbonyl  dianiid. 

66.  How  may  honey  sometimes  cause  soreness  and  swelling  of  the 
mncous  membrane  of  the  mouth  and  throat! 

67.  Find  a  physic  reason  for  the  value  of  quinin  in  malaria. 
63.  Bow  do  alcoholics  increase  the  toxic  enects  of  tobacco! 

69.  What  acid  ^^ws  heavier  on  adding  water! 

70.  What  termination  indicates  an  eniyroe,  a  carbohydrate,  an 
kldehyd,  a  compound  containing  hydroxylT 

71.  A  solution  of  guerose  in  2G0  partj!  of  water  is  yet  perceptibly 
•weet;    in  what  dilution  can  saccharin  be  still  perceived! 
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72.  Why  is  bread  sometimes  sour? 

73.  How  may  granatum  bark  lose  its  activity  on  standing? 

74.  What  should  be  the  relative  dose  of  opium  as  compared  with 
morphin  f 

75.  How  do  the  Welsbach  and  other  incandescent  burners  economize 
gast 

76.  Explain   white  crystals  formed   on   exposing  essential  oil  of 
bitter  almonds  to  the  air. 

77.  How  many  gallons  of  CO2  are  produced  by  burning  10  gallons 
of  acetylene? 

78.  Write  equation  for  production  of  CO  in  nmnufacture  of  water 
gas. 

79.  Why  does  a  raw  cut  apple  or  potato  darken  on  exposure  to  the 
air? 

80.  What  organized  ferment  can  be  foimd  in  the  air  of  pastures 
and  cowsheds? 

81.  Write  equation  for  formation  of  butyric  acid  (with  CO2  and  H) 
from  glucose. 

82.  Determine  molecular  weight  of  serum-albumin. 

83.  What  substance  is  class^  as  an  acid  and  also  as  a  glucosid? 
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QUALITATIVE    ANALYSIS. 
GENERAL  DIRECTIONS  AND  REMARKS. 

Do  NOT  test  an  aqueous  Bolution  for  compounds  insoluble 
in  water.    Only  distilled  water  should  be  used. 

Aa  little  of  the  reagents  as  practicable  should  be  employed 
^-«eldom  above  1  gni.  or  1  c.c,  except  in  the  case  of  highly 
diluted  reagents,  such  as  H^S  solution. 

When  heating  liquids  in  a  test-tube,  prevent  "bumping"  by 
oscillating  the  tube  with  a  slight  turn  of  the  wrist. 

In  dissolving  metals  use  as  little  acid  as  possible,  then 
evaporate  nearly  to  dryness  in  a  porcelain  dish,  and  take  up 
residue  with  water  before  applying  tests. 

Id  separating  a  mixture  of  salts  be  sure  to  add  excess  of 
precipitating  reagent,  so  as  to  throw  down  all  of  the  salt  tested 
for. 

Pour  off  supernatant  liquid  before  trying  solubility  of  a 
sediment;  in  many  cases  it  i?  best  also  to  wash  the  sediment 
with  water.  If  there  is  much  sediment,  take  only  a  small  por- 
tion for  each  test  of  solubility. 

If  a  powdered  substance  is  insoluble  in  water,  try  dilute, 
then  strong  HCI,  then  UNOg  or  aqua  regia.  All  these  failing, 
make  soluble  by  fusing  with  a  mtsture  of  carbonates  of  Na  and 
K;  the  insoluble  sulphates  of  alkaline  earths  are  thus  converted 
into  carbonates,  soluble  in  HCI  after  filtering  away  the  soluble 
alkaline  sulphates  that  are  formed.  Insoluble  salt«  may  also  be 
boiled  with  strong  NaHO;  then  dilute,  filter,  and  test  filtrate 
with  usual  reagents. 

Silicates  are  readily  dissolved  with  HF.  Calcined  oxida  of 
Al,  Cr,  and  Fe  are  rendered  soluble  by  heating  with  6  to  10 
times  their  weight  of  KHSO4  in  a  covered  crucible  until  melted; 
the  fused  mass  after  cooling  is  dissolved  in  water.  Sn02  and 
SbjOg  are  made  soluble  by  heatmg  the  powder  with  4  to  6 
times  its  weight  of  a  mi.irture  of  equal  parte  of  anhydrous  Ha^- 
COs  and  S,  until  the  S  no  longer  bums  from  beneath  the  cru- 
cible cover. 

An  acid  reaction  to  litmus  does  not  necessarily  indicate  a 
free  acid  or  an  acid  salt,  since  many  normal  salts,  especially 
sulphates,  are  acid  in  reaction. 

Decrepitation  on  heating  is  due  to  e.xpansion  of  water  in 
the  CTTstals.    Deflagration,  or  the  vivid  combustion  of  charcoal 
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Fie.  u.— Apparatus  for  EvKporatloo.  (RoOkwood.)  1,  An  ■xUm- 
irliFd  Bteam-batb — a  beaker  ot  water  on  whlcli  a  dlih  can  b*  heated. 
A   copper  itBam-bBth   wltb    tubea  aupplrlns   water  and  allowtsf   tha 


excludes  t 


„  -   --natant  leral.    The  tonaal  abi>TB 

It.    I,   A  sulphuric    acid   vacuum-dealocatar  ecnuiaetsd  with 
1  [root  are  evaporatlns  diahes  of  porcelain,  pIktUinm,  and 
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when  some  Bubstaiices  are  heated  with  the  blow-pipe  on  it,  la 
caused  by  certain  osidizing  agents,  particularly  chlorates  and 
i]itrat«a. 

In  making  tests  in  which  color  or  opacity  is  a  distinctive 
feature,  it  is  well  always  to  compare  with  distilled  water,  or  with 
the  results  of  reactions  obtained  with  the  Hubstance  whose  pres- 
ence is  suspected.  Color  comparisons  should  be  made  near  an 
uHForeened  window  through  which  light  reilocted  from  the  sky 
(not  direct  sunlight)  falls  upon  the  colored  ofiject  from  behind 
the  observer.  Solid  suhstancep  should  he  placed  upon  a  piece 
of  white  cardboard,  and  solutions  should  be  inspected  with  a 
white  surface  as  a  background  (black  screen  for  tasting  the  color 
of  a  fluorescence).  The  shades  and  tints  of  colors  are  modified 
by  degree  of  concentration  and  by  temperature,  and  often  change 
quickly  on  standing. 

Reduction  on  charcoal  is  usually  best  accomplished  by 
heating  with  the  blow-pipe  the  finely-powdered  substance, 
placed  in  a  hollow  in  the  charcoal  after  mixing  with  twice  its 
weight  of  dry  ECN  and  Na2C03.  Incrustations  around  the 
heated  spot  are  due  to  oiJds. 

Subiime  and  volatile  Bubstances,  such  as  As,  are  easily 
recognized  by  .heating  in  a  bent  dry  glass  tube  open  at  both 
ends,  and  noting  the  mirror,  or  deposit  of  drops  or  crystals 
recondensed  in  the  cooler  part  of  the  tube. 

To  separate  the  metals  from  each  other,  we  employ  a  small 
number  of  group  reagents,  each  of  which  throws  down  a  certain 
group  of  metals— more  quickly  when  heated.  HCI  is  the  gen- 
eral reagent  of  the  first  analytic  group  (Ag,  Pb,  Hg'),  throw- 
ing down  an  insoluble  chlorid  of  each  or  all  of  these  metals. 
HjS  (preferably  the  gas,  added  to  solution  previously  acidu- 
lated with  HOI)  ppts.  ns  sulphids  the  metals  of  the  extensive 
second  group,  which  is  further  subdivided  according  as  the  ppt. 
is  soluble  or  insoluble  in  NH4HS  [made  bv  saturating  NH^HO 
with  escess  of  H^S,  forming  the  yellow  (NH4)2S].  This  latter 
solution  (after  supersaturating — equal  volumes — with  NH4HO) 
ppts.  the  members  of  the  third  eroiip  in  neutral  solutions. 
{NH4)nC0a  (1  part  of  commercial  salt  dissolved  in  a  miirture 
of  4  parts  of  H^O  and  1  part  of  NH:4H0)  ppts.  the  alkaline 
earths  (in  alkaline  solutions),  which  constitute  the  fourth  group. 
An  aqueous  lO-per-cent.  solution  of  NanHPO^  is  the  reagent 
for  Mg,  or  the  fifth  "group,"  which  is  kept  in  solution  by 
NH4CI  till  now.  The  metals  of  the  alkalies  are  left  in  the  fina'l 
filtrate.  These  reagents  must  be  used  only  in  order  mentioned, 
and  must  generally  be  added  in  excess  in  order  to  ppt.  the  total 
quantity  of  metal  or  metals  in  each  group,  which  is  separated  by 
filtration  before  passing  to  the  next  group.  Heating  facilitates 
complete  precipitation. 
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White  ppt 


FDTOINO  THE  METAL. 

Group  I  (Pb,  Ag,  Hgi). 
(Group  reagent  =  HCl. ) 

PbCl2~~Boluble  in  boiling  water. 

AgCl2 — ^insoluble    in    H2O;    soluble    in    dilute    NH4HO 

(ItolO). 
HgCl — insoluble  in  H2O  and  turned  black  by  NH4HO. 


Separation. 

1.  Pb  dissolved  out  with  boiling  H2O  and  repptd.  from  filtrate  with 

dilute  H2SO4. 

2.  Ag  dissolved  from  first  residue  with  dilute  NH4HO  and  repptd.  with 

HNOj. 

3.  Hg,  if  present,  left  as  a  black  residue  from  filtration  of  Ag. 

Group  II  (Hgii,  Bi,  Cu,  Pb,  Cd,  Sb,  As,  Smi-iv,  pt,  Au). 
(Group  reagents  =  HGI  [a  few  drops]  and  H2S  [excess].) 

DitTMum  /  (ppt.  insoluble  in  yellow  NH4HS). 
Yellow  ppt.  =  CdS. 

HgS  —  brownish 

yellow,  then 

black.  0  (original) 

Bi2S8  +  KHO 

CuS. 
PbS. 


Blackish  ppt  •• 


Yellow  =  Hg. 
Blue  =  Cu    (decolorized 
byKCN).     0  +  K4Fe- 
(CN)q  gives  a  brown- 
red  color  or  ppt. 

Bi — insoluble  in 
excess  of  KIHO 
(yellow  oxid 
on  boiling). 

Pb  —  soluble  in 
excess  of 
KHO. 


L  White  i 


Division  II  (ppt.  soluble  in  yellow  NH4HS  on  digesting  in  an 

evaporating-dish) . 

Orange  ppt.  =  Sb2S8. 


Brown  or  blackish  ppt.       1 


r  SnS.  O  +HgCl2  on  boiling  gives  a  grav  ppt. 
PtS2.  O  +  KCI  +  C2H5HO    gives    a    yellow 

ppt.  (KoPtClo). 
AU2S3.  0  +  SnCl2  gives  a  purple  ppt. 

{A82S3 — ^heated  with  KCN  and  Na2C03  in  a  bent  glass 
tube  gives  a  black  metallic  mirror  above. 
SnSa  —  O  +  KHO  gives  a  white  ppt.,  soluble  in  excess, 
not  repptd.  on  boiling. 

Separalion, 

1.  Boiling  dilute  HNO3  dissolves  all  ppts.  except  HgS  (black 
residue  soluble*  in  aqua  regin). 

2.  Dilute  H2SO4  throws  down  Pb  (white)   from  above  solu- 
First     J  tion  after  expelling  HNO3. 

Division    1    3.  Strong  NH4HO  throws  down  Bi   (white)   from  filtrate  of 

No.  2.    Filtrate  of  No.  3  blue  if  Cu  is  present 

{yellow  =  Cd. 
black  =  Cu    (decolorized  and  kept  in  solu- 
tion by  KCN  while  Cd  is  pptd.  with  HoS) . 
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Second 
Division 


1.  Boiling    HCl, 
ppts. 


As — ^yellow  if  alone,  blackish  if  Au  or  Pt 
present;  soluble  in  (NH4)2C03, 
repptd.  by  HCL* 

(  Au  jpptd.  by  Fe- 

A  „    r  Residue    from     p.      *1±a  2 
^^  J       As,  soluble  in^  ^^  PP*^-^ 
1^       aqua  regia 


(yel- 
low)  from  fil- 
trate by  KCl 
4-  C2H5HO. 


2.  Filtrate  may 
contain 


\  Sn 


r  Separated  by  electrolysis  between 
I       a  piece  of  Pt  ( Sb  forms  a  black 

coating  insoluble  in  boiling  HCl ) 

and  a  strip  of  Zn. 
Sn,  if   present,   is   deposited  as  a 

loose,  metallic  sediment. 


Black  residue  from  HCl 


Group  III  (Fe,  Co,  Ni,  Cr,  Al,  Ce,  Mn,  Zn,  Ca3[P04l2). 
(Group  reagents  =  NH4CI,  NH4HO  [till  alkaline],  and  NH4HS.) 

Division  I  (ppt.  formed  by  NH4HO  turned  black  by  NH4HS). 

Black    color   bleached   by   HCl  =  Fe(H0)3.0  +  KsFeCye    (ferrous)    or 
K4FeCye  (ferric)  gives  a  blue  ppt. 

'  CoS.  O  H-  KHO  gives  bluish  ppt,  turning  pink 
on  boiling. 
NiS.  O  +  KHO  gives  green  ppt.,  unaltered  on 
boiling. 

Division  II  ( ppt.  formed  by  NH4HO  unchanged  in  color  by  NH4HS ) . 

Green  ppt.  ^  Cr  ( HO )  3.    Solution  in  dilute  HCl  is  violet. 

A1(H0)3.0 -f  KHO  gives  a  white,  gelatinous  ppt.,  solu- 
ble in  excess,  repptd.  by  boiling  with  excess  of  NH4CI. 

f  Ce  leaves  a  red  resi- 
O  +  KHO    gives    a 
white  ppt.  insoluble 
excess. 


White  ppt. 


Ce(H0)2 
Ca3(P04)2 


fO  +  K 
\  whii 
(     in  € 


due    on    evaporat- 
ing and  heating. 
Cas  ( PO4 )  2  is  soluble 
in  HC2H3O2 


Division  III  (ppt.  with  NH4HO  instantly  soluble,  but  NH4HS 

gives  a  light-colored  ppt). 

Flesh-color   ppt  =  MnS  —  fused  on   Pt   foil   with  Na2C03  and   KNO3 

forms  a  green  mass  of  K2Mn04. 
White,  gelatinous   ppt  =  ZnS  —  moistened  with  a  drop  of  Co(N03)2 

and  heated  on  charcoal  it  turns  green. 

Separation. 

1.  HCl  dissolves  all  the  group  ppts.  except  Co  and  Ni,  which  are  sepa- 
rated by  dissolving  in  aqua  regia,  then  adding  KHO  in  excess; 
Ni  is  pptd.,  and  Co  is  obtained  from  filtrate  by  evaporation. 


lAs  can  be  separated  from  Sb  by  pptg.  with  HoS,  dissolving  in 
NH4HS,  filtering,  evaporating,  treating  residue  with  HNOg  and  ifOH 
(converts  the  metals  into  potassium  arsenate  and  anUmonate),  putting 
the  mixture  with  Zn  and  H2SO4  into  a  Marsh  apparatus,  passing  the 
gas  through  a  solution  of  AgNOs  as  long  as  blade  ppt  (silver  anti- 
monate)  forms,  then  separating  As  in  solution  by  filtration. 

2  In  testing  for  K  with  PtCl4  and  alcohol,  any  NH4  salts  must  be 
removed  by  boiling  with  Ca(0H)2* 
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r&ponte  HCl  aolution  nenrlj'  to  dryneaa,  take  up  with  water,  boil 
with  excess  of  KHO,  and  Rltet,  saTin|;  precipitate. 

3.  NHgCI  ppts.  AI  (while)  on  boiling  with  filtrate  of  No.  2  and  standing. 

4.  Na,HS  ppU.  Zn   (white)   from  filtrate  of  No.  3  on  atanding. 

5.  FuM  ppt.  from  No.  2  on  Pt  with  NajCOi  and  KNO3;    a  green  masa 

indir«t«s  Mn.  Treat  maw  with  boiling  water,  filter,  and  save 
residue  for  Fe;    ppt.  Mn   (white)  with  K^FeCyG  and  filter  again. 

6.  Acidulate   Be(?ond   Ii1trnt«   from   No.   5   with   HC^HjOj   and   ppt   Cr 

(yellow)  with  Pb(QjH302)2. 

7.  DJMolve  residue  from  No.  5  in  dilute  HCl,  and  ppt.  Fe   (blue)   with 

K^FeCys. 

8.  When  phosphateE  are  present,  boil  filtrate  from  Group  II  till  all  H3S 

is  expelled;  add  a  few  drops  of  HNO^;  heat  to  boiling  again; 
add  NH4CI,  NH4HO,  and  NU4US1  and  filter,  reserving  this  fil- 
trate, containing  phosphutes,  Eor  the  fourth  and  fifth  group*. 

Gbouf  IV  (Ba,  Ca,  Sr). 
(Group  reagents  — NH4HO,  and  [NH^JjCOa.)! 
C  BaCOs-  0  +  K2Cr04  gives  a  yellow  ppt. 
Wtile  ppt  J    CaCOa-O  +   |NH4)vC204  gives  a  white  ppt. 
L  SrCOg  —  crimson  fiame. 

Separat  ion. 

1.  Diuolve  group  ppt.  in  ECjHjOs. 

2.  KjCtiOj   pptfl.   Ba    (yellow)  ;     yellow   color   of   filtrate   removed   by 

repptg.,  washing  with  water  and  again  dissolving. 

3.  Dilute  K2SO4  ppts.  Sr    (white)   on  standing,  from  filtrate  of  No.  2. 

4.  (NH4)j<404  ppte.  Ca   (white)  afUr  rendering  filtrate  of  No.  3  alka- 

line with  NH4RO. 

Gbodp  V   (Mg). 
(It«agents  =  NH4B0  and  No^UPO^.) 

—  feal 
withg 

Gboup  VI. 
Flame  Testa:   Na,  j-ellow  (shut  oft  by  cobalt-blue  glass)  ;  K  (and  NH4), 

violet;   Li,  carmine  red. 
Odor  Test:     Boiling  O  with  KHO  gives  odor  of  NH3  and  vapors,  turning 
moist  red  litmua-paper  blue. 

NaaUPO,  and  NaHO  ppt.  Li   (white),  soluble  in  acids 

and  in  NH4CI. 
Sodium  cobaltic  nitrite  tCoj(NOs)g.eNaNOjl  ppts.  K 
(yellow]  in  presence  of  acetic  ncid.   NBHCjH40a  in 
Precipitation  J  neutral  solution  gives  white  ppt  on  standing  (rub 

"^  glass  inside  with  rod) — made  more  delicate  by  add- 

ing a  trace  (inoculation)  of  a  mixture  of  1  part 
KllC4H40g  and  09  parts  NaNO;^  (removes  super- 
saturation).  Ammonium  hydrogen  tartrate  is  also 
difficultly  soluble. 


1  First  get  rid  of  NH^TIS  by  heating  filtrate  from  third  group 
with  HCsH^t*^:  (filter  out  anv  S  which  separates);  render  alkaline 
with  NH4HO,  and  heat  to  boiling. 


Separation 
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1.  Na2HP04  and  NaHO,  boiling  till  all  NH3  is  expelled, 
ppts.  Li2HP04.  LiCl2  is  soluble  in  a  mixture  of 
alcohol  and  ether.    • 

2.  Sodium  cobaltic  nitrite  ppts.  K  from  filtrate  of  No.  1, 
after  acidulating  with  HC2H8O2. 

3.  Test  original  solution  for  NH3  by  boiling  with  KHO. 
The  amount  of  gas  can  be  estimated  volumetrically 
by  passing  into  a  standardized  HCl  solution. 

4.  Na  is  tested  in  O  by  flame  test,  and  is  estimated  gravi- 

metrically  by  subtraction  of  all  other  ingredients  from 

the  total  solids.    Na  salts  are  pptd.  (white)  with  a 

fresh  solution  of  potassium  antimonate,  K2H2Sb207. 

NOTES. 

HCl  may  ppt.  oxychlorids  (soluble  in  excess)  of  Sb  or  Bi  from 
solutions  of  certain  compounds  of  these  metals.  It  also  ppts.  silica  from 
soluble  silicates,  and  oxids  or  hydroxids  [Zn(H0)2»  for  instance]  pre- 
viously dissolved  in  alkaline  hydroxids  (insoluble  in  HCl). 

The  solution  must  be  acidified  before  adding  H2S,  since  in  a  neutral 
or  alkaline  solution  some  metals  of  the  second  group  are  not  pptd.  by 
this  gas,  whereas  other  metals  of  the  third  group  are  pptd. 

S  is  sometimes  pptd.  on  addition  of  H2S,  with  or  without  a  change 
in  color  (red-brown  ferric  compounds  become  green  ferrous;  fluids  con- 
taining chroma tes  turn  green),  owing  to  the  deoxidizing  action  of  H2S, 
the  H  becoming  oxidized  to  water,  while  S  is  set  free.  For  this  reason, 
H2S  or  yellow  ammonium  sulphid  should  not  be  employed  in  a  solution 
containing  free  HNO3. 

When  the  first  group  reagent  fails  to  yield  a  ppt.  add  H2S  to  the 
same  tube.  When  reagents  of  third  group  show  no  ppt.,  add  to  same 
fluid  (NH4)2C03  for  fourth  group,  and  Na2HP04  for  fifth  group.  Boil 
filtrate  from  second  group  with  a  few  drops  of  dilute  HNOs  before  add- 
ing group  reagents;    a  yellow  color  shows  Fq  probably. 

Dilute  H2SO4  ppts.  all  the  members  of  the  second  division  of  the 
second  group  from  solution  in  NH4HS.  Acids  added  to  yellow  ammonium 
sulphid  ( polysulphid )  form  a  soluble  NH4  salt  and  ppt.  S  (white  and 
milky),  which  should  not  be  mistaken  for  the  members  of  the  arsenic 
division. 

The  third  group  reagents  ppt.  also  phosphates,  borates,  oxalates, 
and  silicates  of  Mg  and  alkaline  earths  from  their  solutions  in  weak 
acids. 

The  reagent  ammonio-silver  nitrate  is  prepared  by  adding  NH4OH 
cautiously  to  AgNOa  solution  till  the  brownish  ppt.  first  formed  nearly 
dissolves.  The  reagent  ammonio-copper  sulphate  is  formed  similarly  by 
the  addition  of  NU4OH  to  CUSO4. 


FINDINO  THE  ACID,  OE  RADICAL. 

RESIIHTES— PROBABILITIES. 

(If  a  liquid,  notice  reaction  to  litmus  and  evaporate  to 
dryness,  then  heat  to  redness.) 

No  Residue: 

Neutral :    water  (no  odor). 

Strongly  acid:    some  volatile  acid  (acetic,  hydrochloric,  nitric,  etc.). 

Residue: 

Strongly  acid: 

Fusible  by  heat:     non-volatile  mineral  acids  (phosphoric). 
Residue  chars  on  heating:    free  organic  acid  (Utrtaric,  citric,  etc). 
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Vevtral  or  tlighllif  acid: 

Rcaidtie  volatile  with  funea.  but  without  blackening:     salt  of  vola- 
tile metal  (NH4,  Ug,  Sb.  As), 
Residue  bUckms  and.  volnliliiea  in   fumes;      organic  salt  of  some 

vo Utile  metal. 
Residue  changes  color  on  heating: 
Yellow  hot,  cooling  white  ^Zn. 
Deep-yellow  hot,  cooling  yellow^Pb. 
Yellowiah  brown  hot,  cooling  pale  yellov 
Orange-yellow   hot,   cooling  lemon-yellow  =:  Bi. 
Red  hot,  cooling  reddish  brown  =  Fe  ot  Ce. 
Permanent  browniah  black  =  Md. 
Residue  white,  darkens  on  heating,  burns  and  leaves  black  or  gray- 
ish mass:     organic  salts  of  fixed  metals. 
Alkaline  residuc^K,  Na,  Li. 

Non-alkaline  residue,  effervescing  with  HCjH^Oj,  ^  Ba,  Sr,  Ca. 
Residue  that  takes  fire  and  continues  to  bum  after  removal  from 
Some  with  dense,  white  fumes  =  hypophoBphite. 
Birotigli/  alkaline:     leaving  fixed  white  alkaline  residile. 
Acidulate  some  of  originol  with  HCl: 
.ElTeTVMcence: 

Without  iimeJJ  =  carbonates  or  bicarbonates  of  K,  Na,  or  Li. 

O  +  HgClj  gives  a  red   [carbonate|   or  white   (bicarbonate)   ppt. 
With  tmetl; 
Of  ll2S  =  sulphid  of  alkali   or   alknline  earth.      (Sulpbids  of  U^, 
Au,  Pt  and  FeSj  are  not  decomposed  by  the  acid  unless  Zn  is 
added.) 
Of  HCN  =alkaline  cjanid. 
So  EfTervescence.    Add  AgNOn  to  original: 
Brou-nish  blaoA-  =  hydroxid  of  alkali  or  alkaline  earth. 
YfllmB  ^  phosphate      i 
Whilr=  borat*  I  of  K  or  Na. 

Brick-red  :=  arsenate    ) 

PaELmmASY  EZAHUtAIIOir  OF  SOLID  ACIDS  ARD  SALTS. 

Step  I. — Heat  a  portion  of  the  powdered  substance  on  Pt  foil: 

C'Aarrin^;     organic  acids  or  salts    (except  o?(alatcB).  sugar   (reduces 

cupric  solution),  or  alkaloids   (odor  like  burning  hair). 
Ignition:     C,  S,  P,  and  all  organic  compounds;    also  hypophosphites 

[garlicky  odor). 
Dtfrepilalion :     NaCl  and  other  salts  containing  H^O. 
DtftagrMvm:     ehlorntea,  nitrates,  nitrites,  iodates,  etc.,  on  charcoal. 
Irritating  Taport:     bentoic  acid. 
Futibh:     most  salts  of  ajkalips  ai 
Infusible:     salts  of  earths  and   m 
earth*  and  heavy  metals. 
Btep  H. — Put  a  portion  in   tube,  cover  with   water,  and  render  barely 
acid  with  dilute  UaSOj: 
Bfd  vapors:    nitrites. 
BffervcteeHce : 
Without  odor:      carbonate — evolved   gas   renders   lime  water  milky 
{a  drop  of  Ca  (OH);  may  be  held  on  gloss  rod  in  tube). 
Peroxida  of  alkali  and  alkali  earth  metals:    oxygen. 
With  odor: 

Sulphid:     like  sewer-gaa;    turns  lead-paper  block. 

Sulphite:     like  burning  fulphur   (SO;).    A  drop  of  K^Cr^O;  held 

on  a  glass  rod  in  tube  turns  green. 
Thiosulphute:     odor  of  SO2  and  ppt.  of  S. 
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Step  m. — Add  another  drop  of  H^SO^,  and  warm  again.    These  effects 
often  occur  in  the  second  step: 
Charocferistib  odoit: 

Vinegar  =  acetate:     odor  of  aeetic  ether  on  adding  alcohol. 
Sulphur  dioxid  =  hyposulphite :     with  deposit  of  S. 
Carbolic  atid^carbolate;    a  few  drops  of  FeClg  give  a  violet  color. 
Valerlan^^valerianate:     Cu  (CjHjC^Ja  added  to  distillate  forms  a 
slow,  oily  ppt.,  gradually  soliditying  into  greeniah-hlue  cfyslaU. 
Benzoic  acid^Eienzoate:     light-red  ppt.  with   FeClj  in  presence  of 

enough  NH.OH  to  render  slightly  alkaline. 
HCN: 

With  deposit  of  S^sulphocyanid;    Itlood-red  color  with  FeClg. 
Crystalline  deposit,  often  bluish: 

Ferrocyanid:     ferric  salts  give  a  blue  ppt. 
Ferricyanid:     ferrous  salts  give  a  blue  ppt. 

Step  rV. — I^it   a   little  O    {original  solid)    in  a  dry  tube,  cover  witii 
strong  H2SO4  drop  1^  drop,  and  warm  gently,  keeping  the  acid 

below  b.p.: 
While  fumes: 

Chlorid:     odor  of  HCI;    AgNOg  gives  curdy  white  ppt.,  soluble  in 

NH4OH. 
Nitrat«:      faintly- reddish  vapors,  turning  more  red  on  addition  o[ 

FeSO*. 
Tluorid:      fumes   etch   gloss. 

Benzoate:     very  irritating  vapors  (see  test  above). 
Succinate:    FcClg  gives  a  brownish-red  ppt. 

Sulphocarbotate:      same  tests  as   for  carbolates;   also   after  fusion 
with   KNO3  and   redisaolving  in  dilute  HCl  it  gives  sulphate 
reaction  with  BaClj. 
Ammonium  compounds:     dense,  white  fumes  on  holding  near  mouth 
of  tube  a  glass  rod  dipped  in  HCl. 
Colored  fiMnca : 
Violet  vapors  of  I; 

lodid:     blue  with  starch  paste  and  CI  water. 

lodates:  blue  color  with  starch  paste  on  adding  KI  and  tartaric 

Brown  vapors  oF  Br: 

Bromid:     orange  color  when  mixed  with  starch  paste  and  a  few 

drops  of  CI  water. 
BTomat«:     deflagrates  on  charcoal,  leaving  corresponding  bromid. 
Brownish  gas  with  peculiar  odor:     nitrite  or  nitrate. 
Greenish -yd  low   gas  :=  chlorates :      explodes    readily;     apontaneous 
ignition   of  tissue-paper  dipped  in   beniin   when   dropped   into 
beaker  containing  chlorate  and  H^SO^. 
Simple  change  in  color: 

Chromates:     orange,  then  green. 
Dichromates :     turn  green  nt  once. 

Oxids  of  heavy  metals;     darken  by  reduction  to  metallic  state. 
BffervaiBence  on  warming,  with  no  odor  or  change  in  color: 

Formate:     gives  off  CO  only,  burns  with  bluish -la  vender  flame. 
Oxalate:     givea   of   both   CO   and   CO*,   thus   rendering   lime-water 

milky. 
Chromates,  peroxids,  permanganates:     give  off  0. 
Effervescence  on  tcorminji,  with  darkening  in  color: 
Tartrate:     rapid  charring  and  smell  of  burnt  sugar. 
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Ijictate:  not  BO  dark;  odor  of  sour  milki  odor  of  a1di?hjd  on  boil- 
ing with  EMnO). 

Citrat«:    Blow  darheDJng,  with  slight  odor  of  burnt  sugar. 

Oleate:     charring,  with  sharp,  diaagreeable  odor  of  acrolein. 
Darkening  in  color  toiikoul  anj/  t'ery  marked  efferveacenre : 

Tnnnate:  solution  forma  black  ink  with  FeSO^;  no  ppt.  with 
gelatin   (unlesB  gum  is  present). 

Gallate;  solution  forms  a  black  ink  with  FCSO4;  immediate  brown- 
ish ppt.  with  gelatin. 

Pj-rogallate:    solution  turns  blue  with  ferrous,  red  with  ferric  salts. 

Salicylate:  very  slow  darkening;  deep-violet  coloration  with 
FeCla- 

Meconate;    red  color  with  FeCla,  not  discharged  by  HgClj  or  dilute 
HCl. 
Wo  fumes: 

Silicate:     gelatinous  or  flaky  deposit. 

Borate:     scaly  crystals  with  pearly  luster,  beat  seen  oti  cooling. 
No  ehangf  ichalever: 

Sulphate:  hepar  test:  heat  with  a  little  Nn^COj  on  charcoal  in 
inner  blow-pipe  flame  (reduction  to  sulphid)  ;  residue  placed  on 
a  clean  silver  coin  moistened  with  HjO  ond  IICI  leaves  a  black 

Phospbatc:  solution  of  (NH4)3Ho04  in  HNO3  yields  a  yellow  ppt. 
insoluble  in  HNO3,  soluble  in  MH4OH. 

Phosphite:  heated  with  AgNOg  yields  ppt.  of  metal  Ag;  same  re- 
action as  phosphate,  after  heating  with  HNO3. 

Arsenate:  boil  with  NaHO,  filter,  exactly  neutralize  filtrate  with 
dilute  HNO3,  add  AgNO^  and  get  brick-red  ppt. 

Aracnite:  AgNUg  gives  canary-yellow  ppt  of  AgjAsO^.  soluble  in 
excess  of  NH4OH  or  UNO,. 

Alkaline  oxids:  soluble  in  HCl  or  HNO3  without  efTervcicence ; 
negative  findings  as  to  acid  radicals  except  that  of  solvent. 

DBTBCTIOIT  OF  ACIDS  AMD  ACIDULOUS  RADICALS   (ANIONS) 
IB  SOLUTIOR.l 
AgSOa,  X«a{reat: 

Neulral  or  acid  fH.VOaJ  reaction: 
White  ppt.: 

HCl  or  chloride:     curdy  ppt.  insoluble  in  boiling  HNO3,  but  in- 
stantly soluble  in  dilute  NH4HO   (1  to  20);    hypochlorites  give 
same  reaction,  with  odor  of  CI. 
HBr  orbromids;     dirty-white  ppt,  insoluble  in  HNO3,  slowly  sol' 

uble  in  strong  NH4HO   (not  in  dilute). 
HCN  or  cyanids:     curdy  ppt  with  bitter-almond  odor,  sparingly 
soluble  in  NH^OH,  in  strong  boiling  HNO^,  but  not  in  dilute 
BNOgi    does  not  blacken  on  exposure  to  light,  as  chlorid  and 
bromid  do. 
Ferrocyanids:      gelatinous   ppt.,    scarcely   dissolved   by   NH4OH; 

ferric  solutions  give  a  dark-blue  ppt.,  insoluble  in  IICI. 
Sulnhocyanid :      soluble   in   KCN,   ammonia   or   NajSjOj;     turns 

blood-red  on  adding  a  ferric  solution. 
mtrites:     white  ppt.  in  strong  solutions;    0-f  HCjHaO^,  KCNS 
and  then  HNO3,  gives  a  deep-red  coloration,   disappearing  on 
hCAting. 


1  Find  metal  or  metals  prrsent  t»efore  testing  for  acid  radicals; 
then  test  for  the  snits  of  the  metal  known  to  be  soluble.  It  0  (evapo- 
rated) does  not  chnr  nn  heating  with  HjSOf,  no  organic  acids  or  saJta 
except  HjCjiOt  can  be  present 
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Light  yellow  =  HI  or  alkaline  iodids:     ppt.  does  not  dissolve  in  hot 

HKO3  and  is  practically  insoluble  in  NH4OH. 
Black  ppt.: 

H2S  or  siilphids :    sewer-gas  odor  often  noticeable  on  treating  with 

a  mineral  acid. 
IICHO2  and  formates:     metallic  Ag  separates  on  boiling. 
HC3Hr,03  and  lactates:    dark  ppt.  on  boiling,  leaving  a  blue  liquid 

on  subsidence. 
Hydrates:     dark-brown  ppt.,  soluble  in  XH4OH. 

yeuiral  reaction: 
White  ppt.: 

H0SO3  and  sulphites:    soluble  in  NH4HO  or  HNO3;  turns  black 

on  heating. 
H0SO4  and  sulphates:     no  reduction  on  heating. 
H2CO3   and   carbonates:      effervesce   with    cold    acids    generally, 

evolved  gas  turning  lime-water  milkj*. 
H3BO3  and  borates:      ppt.  soluble  in  HNO3  or  NH4OH;    green 

flame  on  igniting  with  alcohol  in  case  of  solid  acid. 
H2C2O4  and  oxalates:     soluble  in  NH4OH  and  in  hot  concentrated 

HSO3;    acid  decolorizes  KMn04  solution. 
H2C4H40fl  and  tartrates:     turns  black  on  boiling;    silver  mirror 

on  warming  mixture  after  adding  just  enough  NIi40II  to  dis- 
solve ppt. 
HsCfjHrjO-  and  citrates:    no  mirror  of  Ag  on  boiling;    both  this 

and  that  above  char  on  heating  in  solid  form. 
H3PO3  and  phosphites:     turn  black,  from  metallic  Ag. 
Hypophosphites :      soluble  in  excess;     turns  yellow,  brown,  and 

black   (reduction).     O  heated  with  HgCl2  yields  calomel,  then 

black  Ilg. 
Meta-  and  pyro-  phosphates:     soluble  in  HNO3  ^^^  ^^  NH4OH. 
Thiosulphates :      white   ppt.   on   adding   excess   of   reagent — soon 

turns    yellow,    brown,    and    black    (AgoS),    more    quickly    on 

heating. 
Acetates :    leafy  crystals,  soluble  in  NH40n  or  in  excess  of  H2O. 
Yellow  ppt.: 

H3PO4  and  phosphates:     lemon-yellow  ppt.  soluble  in  HNO3  ^"^ 

in  NH4OH.     O  gives  with  solution  of   (NH4)2Mo04  in  HNO3 

a  yellow   ppt.,   which    is   insoluble  in  HNO3,   but   soluble   in 

Nn40H. 
H3ASO3  and  arsenites:    canary-yellow  ppt.  with  argent-ammonium 

nitrate,  soluble  in  excess  of  NH4OH  or  HNO3. 
Reddish  ppt.: 

n3As04    and    arsenates:      brick- red    ppt.    soluble    in   HNO3    ^^ 

NH4OH. 
H2Cr04  and  chromates:     dark-red  ppt.,  soluble  in  HNO3  ^°^  ^^ 

NH4OH. 
Ferricyanids :     orange  ppt.  eoluble  in  NH4OH,  KGN  or  Na2S203. 

O  +*  ferrous  solutions  gives  a  dark-blue  ppt.,  insoluble  in  acids. 

Alkaline  (KOJIJ  reaction: 

Brown  ppt.:     antimonates:     soluble  in  NII4OH. 
Dark  ppt.:     antimonites:     insoluble  in  NH40n. 

BaCU,  Reagent  :i 

Neutral  or  alkaline  reaction : 
White  ppt.: 

H2SO4  and  sulphates:     insoluble  in  boiling  H2O  and  in  boiling 

HNO3;   strong  H2SO4  chars  organic  substances. 
n2S03  and  sulphites:    white  ppt.  produced  on  boiling  with  BaCl2 

1  BaCl2  added  to  a  strongly  acid  solution  often  causes  the  reagent 
to  crystallize  out — soluble  in  boiling  water. 


FINDING  THE  ACID.  307 

Biid  CI  water  or  IINO3   (forma  sulphate) — DaSOs  is  soluble  in 
HCl. 

HjCOa  aiid  carbonates:     sntuble  in  HCl  witli  effervescence. 

H3PO4  and  phospbates;     soluble  in  acetic  and  all  stronger  acids. 

HaCjO,  and  oxaUtes:  insoluble  in  HCaHsOa;  soluble  in  HCl, 
HNO.1,  or  H1SO4. 

HgBOa  and  borates:  soluble  in  exceas  of  water,  in  HO,  or 
NH4CI.  Turmeric  paper  turns  brown-red  on  drying,  after  dip- 
ping in  bot  solution  of  acid  (borates  must  first  be  rendered  just 
acid  with  HCl  | ,  becoming  olive-green  on  treating  with  NHiIIO. 

H2C4U.0e  and  tartrates:     soluble  in  NH^  salts  or  in  HCl. 

HaCaHsOT  and  citrates:     soluble  in  HCl. 

Arleniles   (ace  special  tests  for  As). 

HgAsO,   and  arsenalcs    (see  apccinl  tests  for  Ae). 

Tbiosulphatee :  soluble  in  excess  of  water,  and  decomposed  bv 
HCl  with  pptn.  of  S. 

Fluorids:     soluble  in  Ha,  HNO3  and  NH4  salts. 

Fluosilicates:     dillicultl}'  soluble  with  K  snlte  in  acid  solution. 

Phenol sulphonatcs:    FeCl^  colors  violet. 
Yellow  ppt.: 

HsCrO,  and  cbromates:  ppt.  soluble  in  HNOa  or  HCT,  insoluble 
in  HC1.H3O2. 

7eCl3,  Keagent: 

Xetilral  or  slightlt/  acid: 
yellowish  ppt.: 
H3PO4  and  phosphateB:     light-yellow,  gelnlinons  ppt.  soluble  in 

Ha.     Avoid  eicesa  of  FeCla. 
BnC-flt  and  oxalates:    soluble  in  HCl  or  HNOj. 
HsBO^   and   borates:      soluble   in   excess  of  reagent  or   in  HCl; 

turmeric  teat  (see  under  BuCI^). 
HjAbO^  and   arsenates   (nee  special  teste). 
HjOOs  and  carbonates:    yeUowiHh-brown  Fe(H0)3;   CO™  escapes. 
Reddish  ppt. : 

HCjHeOj  and  bemioatcs:     fleah-colared  or  reddiab-white  ppt.    (in 
sliKhtlj'  alkaline  medium),  soluble  in  acids,  including  benzoic, 
HC2H3O1  and  acetates:     reddish-brown  coloration,  pptg.  on  boil- 
ing;  color  discharged  both  by  HCl  and  HgClz, 
Sulphites:     red-brown  coloration, 
Sulphocyanida :     blood-red  coloration,  not  destroyed  by  dilute  HCl, 

but  disappears  on  adding  HgCln. 
^rro^l lie  acid   (CaHa03)  :     red 'solution. 

^CtHjO^  and  meconates:     red  color,  not  discharged  bv  HgCU  nor 
by  dilute  HCl. 
Black  ppt.; 

HjS   and    sulphids:      disgudling   characteristic   odor    evolved    on 

treating  with  HCl. 
UCi4lloOa  and  tunnntes:    bluish  black  or  greenish  black,  dissolved 
in  excefs  of  tannin,  decolorized  by  HCl  or  H^CjO^. 
Blue  or  violet  ppt : 

Ferrocyanida ;     dark  Prussian  blue,  dcconiTKised  by  alkalies   (red- 
dish brown),  insoluble  in  acids   (restore  blue  color  after  treat- 
ing  witJi  alkalies). 
Thiosulphates   ( "Hypoaulphites" )  :     reddish  violet,  gradually  dia- 

appearing  by  spontaneous  reduction. 
CgHi^OH   and  carbolates:      permanent  reddish-violet  color.     0  + 

excess  of  Br  water  gives  white  ppt.   ( tribromphenol ) . 
HC-jHqOs  and  salicylates:     deep-violet  coloration. 
Browniah:     (erricyanids :     brownish  coloration,  changed  to  blue  ppt. 
on  adding  reducing  agente  (H^SOg  or  SnClg). 


CaClf,  Keagrent; 

f/eulral  or  alkali 

White  ppt; 

HaSO* 


ilpbates;  ppt.  beat  ae^^ured  by  adding  a  halt- 
of  alcohol  and  shaking;  ppt,  dlHsolves  readily  in  diluta 
HNO3  or  HCl,  as  also  in  saturated  solution  of  KNOa- 

NaaSaOj,  or  NH^  aalte. 

Fluorida:     soluble  in  acids. 

H2SO3  and  BulphiUe:     0  +  strong  acid  yields  odor  of  SO2. 

HjCOg  and  carbonates:      soluble  in  aojds  with  efferveaeentie. 

H3PO4  and  phosphates:     soluble  in  acetio  and  all  stronger  acids. 

B3BO3  and  borates:  in  slightly  alkaline  solutions  (NH4OH); 
soluble  in  HCjUbO^  and  stronger  acids. 

U3ASO4  and  arsenates   (see  spe<^ia1  tests  for  As). 

EjCjO^  and  oxalates:  soluble  in  HCl  or  HNO3,  insoluble  in 
HCsHaOi. 

HjCiH^Og  and  tartrates:  soluble  in  KHO,  rcdeposited  on  boil- 
ing; also  dissolved  by  HC2H3O2. 

HjCoHbOj  and  citrates:  white  ppt.  on  boiling,  soluble  in  NH4CI 
(not  in  KHO)   and  redoposited  on  boiling. 


SgClj,  Beagrent; 

Neutral,  alkaline,  • 
White  ppt: 


'arbonates  of  K,  Na,  and  Li:     effervesce  with  acids. 
Hypo  phosphites:      slightly   acidulated   with   HCl,   give   a   white 
ppt.  of  calomel,  turning  dark  on  heating. 
Reddish-brown  ppt.  =  carbonates  of  K,  Na,  and  Li;  effervesce  with 

FeSOf,  Eeagreut: 
Nevtrat  reaction: 
Dark-brown  ppt.: 

HNOa    and    nitrites:      best   shown   as   a   dark    ring   by    contact 

method — disappears  on  heating. 
HNO3  and  nitrates;      in  presence  of  IL-SOj,  dark  coloration  as 
with  nitrites. 
W^ite  ppt.  ^  ferrocyanida :     changes  quickly  to  blue. 
Slue  ppt.  ^=  fcrricyanids :     ppt.  insoluble  in  acids;  depoaita  dir^- 

green  Fe   (HO)^  when  boiled  with  KHO. 
Red  =^  iodids. 
X4FeG]re,  Reagent: 
Acid  solution: 

White  with  Ag,  He,  Pb,  Sn.  Zn.  Mn.  Cd,  Bi,  Sb  and  Ni. 

White,  turning  light-  to  dark-blue,  with  terroua  sohitions. 

Dark  blue  with  ferric  solutions. 

YeIlowieh-whif«  with  Ba. 

Yellowish -green  with  Co. 

ChoCTiIate  with  Cu. 

Brown  with  U,  turning  yellow  on  adding  NH40H. 

DETECTIOIT  XSI>  SEFAEATIOK  OP  KIZED  SALTS. 

If  the  student  will  bear  in  mind  the  reactions  for  the 
separate  ealts,  he  will  have  little  difficulty  in  deducing  methods 
for  differentintinw  mixtures  of  salts.  The  following  notes  will 
serve  as  illustratinnH: — 


FINDING  THE  ACID. 
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eclated  with  dilute  NH4HO  {1  to  20),  will  show  in  the  percolate  any 
cbtorid  by  repptn.  with  HNO3.  The  remaining  deposit  oa  the  filter- 
paper  may  be  treated  with  strong  NH4HO,  which  dissolveg  out  any 
bromid  (repptd.  witb  HNO3),  leaving  Agl  a»  a  light-yellow  residue. 
A  mere  cloud  on  adding  the  acid  should  be  disregarded. 

2.  To  Detect  BTonldi  In  Tiescnae  of  lodlds. — A  blue  color,  pro- 
duced on  adding  very  little  starch  solution  and  a  drop  or  two  of  CI 
water,  showd  an  iodid.  On  adding  more  CI  wati^r  the  blue  color  is  die- 
<^Tged,  when,  if  any  bromid  is  present,  it  ia  revealed  by  a  yellow  color 
on  shaking  with  chloroform. 

8.  To  Separate  Ctaloildi  from  Cbloiatei. — All  the  chlorid  ia  pptd. 
with  excess  of  AgNO,  and  filtered  out.  The  filtraU  is  acidulated  witb 
H2SO4  and  a  fragment  or  two  of  zine  dropped  in,  when  if  a  chloral*  is 
present  it  will  be  reduced  to  ublocid  and  give  a  second  ppt.  on  adding 
AgiJOa. 

4.  To  Separate  Sulphldi,  Sulphites,  and  Sulphates. — Pour  solution 
on  excess  of  CdCO^,  digest  at  a  gentle  beat,  filter,  and  dissolve  uncom- 
bined  carbonate  in  HCgHsO^.  A  yellow  residue  on  the  paper  indicates 
A  Bulphid.  Tha  filtrate  may  contain  sulphite  and  sulphate,  to  separate 
which  add  BaCI<>,  filter  out  ppt.,  and  boil  with  a  little  HCl,  whioh  dis- 
solves out  BaSOs-  with  evolution  of  SOj  and  leaves  the  insoluble  BaS04. 

5.  To  Separate  Chlorids,  lodlds,  and  Bromlds  from  Kltrates. — 
Ag^SOj   ppts.  the  halogens  and  leavea  the  nitrate  in  solution. 

6.  To  Separate  Chlorids  from  Cyauldi.^Both  are  pptd.  by  acidu- 
lating slightly  with  HNO3  and  adding  excess  of  AgNO^.  The  cyanid  in 
the  ppt.,  after  washing  thoroughly  with  boiling  water  by  decantation, 
is  dissolved  in  boiling  HNO^,  leaving  the  insoluble  chlorid.  HCl  is 
added  to  the  acid  solution,  throwing  down  a  white  ppt. — cyanid  changed 
to  chlorid. 

7.  To  Separate  Ferrocy&nids  from  Ferrlcyanlds. — The  firrocyanid 
ia  pptd.  with  excess  of  FeClg.  att*r  acidulating  with  HCl.  Tlie  super- 
natant brownish  liquid  also  gives  a  blue  ppt.  when  heated  with  a  little 
Kinc  amalgam   (reduction)   if  ferricyanid  is  present. 

B.  To  Detect  Cjanidi  in  Fresenoe  of  TerTocyanlds  and  Ferrl- 
cyanlds. — The  latter  two  salts  are  pptd.  by  acidulating  slightly  with 
HNOs  and  warming  gently  with  feme  and  ferrous  sulphates.  Wlien  a 
blue  color  is  produced  in  some  of  the  supernatant  liquid  by  adding  excess 
of  KHO  and  then  acidulating  with  HCl,  a  cyanid  is  also  present. 

9.  To  Detect  a  Phosphate  In  Presence  of  Iron. — Dissolve  in  as 
little  HCl  as  possible;  add  some  HaCnHsO,  and  then  excess  of  NH^HO. 
From  this  solution,  when  cold,  magnesia  mixture  (1  part  each  of  NH4CI, 
SH4OH,  and  MgSO.  in  8  parts  of  water)  ppU.  white  crystals  of 
NH^MgPO,. 

10.  To  Deteat  a  Phoaphate  In  Presence  of  Alkaline  Earthi  (IKg 
or  Kn). — Dissolve  in  water  with  the  aid  of  as  little  HNOg  as  possible, 
then  add  excess  of  NHiCjHaO^  to  remove  any  eiccBs  of  HNO3;  on 
adding  n  drop  or  two  of  FpCI^  and  warming,  a  white  ppt.  of  FeP04 
is  formed, 

11.  To  Delect  Carbolic  In  Presence  of  Sallayllo  Acid. — .'Vdd  1  m. 
each  of  saturated  solution  of  KHrO:t,  and  anllin,  and  5  m.  of  solution 
nf  chlorinated  lime,  when  a  deep  blue  is  produced  if  carbolic  acid  is 
present. 

IS.  To  Beparate  Oxalates,  TaTtratei,  and  Citrates. — Make  slighllv 
alkaline  with  NIT^OH.  add  CaClj,  allow  to  stand  for  ten  minutes,  and 
filter.  Filtrate  may  contain  citrate;  on  boiling  gives  slow,  white  ppt. 
on  sides  of  tube.  The  ppt.  may  contain  oxalate  and  tartrate:  acetic 
acid  dissolves  the  latter,  not  the  former.  T)ie  tartrate  filtrate  gives  a 
white  ppt.  on  adding  Nn40II  to  render  slightly  alkaline,  and  on  further 
addition  of  AgNO^  and  boiling  yields  a  silver  mirror. 

13.  To  Detect  iritrates  In' Presence  of  Hftrltei, — Destrov  the  NO, 
ion  by  neutralizing  and  lieiiting  to  boiling  with  solution  of  KH4CI,  till 


it  no  longer  gives  tbe  blue  coloration  at  omx  when  acidified  and  teat«d 
with  KI  and  starch  solution  (NO'^  "nd  NTl",  react  to  form  Nj  and 
KHjO) — then  teat  for  nitrate  with  u^ual  rt^agents. 


An  ordinary  gaR-,  candle-,  or  spirit-  flame  consists  of  three 
parts,  namely:  an  inner  dark  nucleus,  a  middle  luminous  cone 
or  mantie,  and  an  outer  hluish  subluminous  mantle.    The  first 


portion  is  composed  of  a  mixture  of  tmoxidized  gases;  the  sec- 
ond of  partially  oxidized  gases  (especially  C2H4  and  CH^),  the 
excess  of  C  in  solid  particles  reflecting  the  light  from  all  points 
and  thus  making  this  stratum  the  most  luminous ;  in  the  third, 
or  outer  part,  which  is  moat  exposed  to  the  0  of  tbe  atmos- 
phere, combustion  is  nearly  complete,  hence  tbe  flame  is  only 
feebly  luminous. 

The  Bunsen  flame  is  hotter  and  less  luminous  than  others, 
because  air  is  mixed  throughout  the  gases  instead  of  combining 
merely  on  the  surface,  as  in  ordinary  combustion.  The  hottest 
part  of  the  Bunsen  flame  is  ihe  bright  spot  at  the  apex  of  the 
zone  of  fusion  between  its  two  mantles  (about  4000°  F.) ;  hence 
substances  to  he  fused  should  be  held  at  this  point,  H  burning 
in  0  fumishea  34,462  thermal  units;   C  in  0,  S080  units. 


Experiment. — Close  the  Bunseii  jet  at  the  bottom,  and  by  mefuia 
oF  a  smnll  glass  tube  prove  that  the  nucleus  of  the  flame  consista  of 

unburned  and  combustible  gnses. 

The  blow-pipe  ia  an  instrument  much  used  in  metallurgy 
and  analysifi.  It  eonpista  of  a  metal  tube  with  a  narrow  nozzle, 
through  which  a  continuous  current  of  flame  can  he  passed  into 


iw-pipe  Flame  I  Light  Blue). 


the  Bunsen  flame.  The  blow-pipe  flame  has  two  parts :  an  inner 
bluish  reducing,  and  an  outer  yellowish  oxidizing;  the  tip  of 
the  inner  cone  ia  best  for  reduction.  Blowing  across  the  flame 
with  the  blow-pipe  lengthens  and  narrows  the  flame,  thereby 
increasing  the  Bphere  of  combu?tion  and  the  degree  of  Iieat,  and 
concentrating  the  latter  within  narrower  limits. 

In  pyrologj',  or  analysis  by  fire,  there  are  two  general  proc- 
esses: oxidation  and  deoxidation  (reduction).  For  oxidizing 
purposes  the  flame  is  lowered  and  the  blow-pipe  pushed  into  it 
with  a  fair  current,  in  order  to  secure  free  admixture  with  0. 


Blov-plpt  Flame  Itellow], 


The  eubstance  to  be  oxidized  is  held  in  the  tip  of  the  outer 
mantle  a  little  beyond  the  apex  of  the  luminous  cone.  For 
reducing  powders  to  the  metallic  state,  a  stronger  flame  and  a 
weaker  current  are  employed;  the  blow-pipe  is  held  just  on 
the  border  of  the  flame,  the  substance  to  be  deoxidized  just 
within  the  luminous  apex:  i.e.,  the  part  of  the  flame  deficient 
in  0 ;  or  the  air  supply  may  be  cut  olT  below,  making  the  flame 
luminous  with  unburned  C  particles.  For  analytic  purposes  the 
powder  is  mixed  with  about  twice  ae  much  Na^COs,  and  the 
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mixture  is  placed  in  a  hollow  on  a  piece  of  charcoal.  The  car- 
bonate reduces  to  oxids,  reduction  to  the  metal  being  completed 
by  the  carbon. 

Experiment. — Oxidize  powdered  zinc. 

Experiment. — ^Reduce  BiONOa  to  metallic  bismuth. 

BLOW-PIPE  ANALYSIS. 

I.  Heat  on  asbestos  or  charcoal  before  blow-pipe. 

No  residue  =  ordinary  alkaline  salts:     fuse  and  sink  into  charcoal. 
Residue : 

Shining  white:    Moisten,  when  cold,  with  a  drop  of  Co(N03)2  and 
use  blow-pipe  again. 
Blue  =  Al  or  borates,  arsenites,  phosphates  or  silicates. 
Green  =  Zn. 
Flesh  color  =  Mg. 
Pale-rose  or  flesh  colored  =  Mg. 
Colored:    Use  borax  bead. 

n.  Mix  with  twice  as  much  Na2C03,  and  heat  on  charcoal 
in  reducing  flame. 

Metallic  globules  or  po%x>dered  mass: 
With  surrounding  incrustation  of  oxid: 
Yellow : 
Bi:    brittle  bead,  with  pink  tinge,  easily  fusible.    Heated  with 

S  and  KI,  yields  scarlet  BiOI. 
Pb:    soft,  gray-white,  malleable;  marks  paper;  border  of  white 

carbonate. 
Sn:    white  bead,  very  oxidizable  and  fusible;  incrustation  turns 
bluish-green  on  moistening  with  Co(N03)2  and  heating. 
White: 

Sb:    gray,  very  brittle,  readily  oxidized  and  volatilized  (white 
fumes); 'bead  skips  about  when  dropped,  leaving  a  white 
trail;    greenish-blue  flame. 
No  surrounding  incrustation: 

Ag:    clear,  white  malleable  bead;  does  not  oxidize  readily. 

Cu:    red,  tough,  malleable;  colors  flame  green. 

Fe:    reddish  magnetic  powder  (Fe304). 

Co:    li^ht-  or  dark-blue  mass,  according  to  amount. 

Ni:    violet  when  hot,  cooling  yellowish-brown. 

Mn:    green  mass  of  manganates  on  fusing  on  Pt  with  Na2C03 

and  KNOs. 
Cr:    yellow  mass  when  treated  like  Mn. 
Au:    bright-yellow  ductile  bead. 
Pt:    gray,  infusible  powder. 

Only  incrustation  (metals  volatilize)  where  oxidized: 
White  =  As :     garlicky  smell. 

Yellow,  cooling  white  =  Zn:    may  be  greenish-white  mass  in  center. 
Reddish-brown  ^  Cd. 
No  globules  or  inorustaiion  =  Kg. 
Fused  mouses  of  green  or  yellow  color  =  chromates,  manganates  or 

sulphids   (hepar  test). 
WJUte,  unfused  masses  =  compoirnds  of  alkaline  earths,  Mg  or  Al — 
on  heating  in  oxidizing  flame  and  moistening  with  Co(N03)2 
solution,   there   result  gray,  flesh-colored  or  blue  masses    (also 
from  borates,  arsenates,  phosphates  or  silicates). 


PYROLOGY. 


TOLATHJZATIOir  TESTS. 

Mil  powdered  substante  with  a  little  charcoul  and  NajCOg,  place 
in  a  bidbII  dry  t*st-tube,  and  heat,  watching  tor  shiny  raetalHi;  mirror 
or  Hublimate  on  cooler  part  at  tube. 

Mercury:  minute  gray  globules;  mixture  at  bottom  becomea  red 
(HgO). 

AfBenic:     gray-black  sublimate. 

Antimony;     gimiiar  to  As,  but  lighter-colored. 

Sulphur;      yellow   sublimate. 

Ammonium  compounds:  NHj  given  off — recognised  by  odor  and 
action  on  mofst  litmus-paper. 

Water  and  hydroii^:     steam. 

On  Keating  atone  in  a  norroto  bulb  lube;  Whit«  sublimate  ^ 
NH4  salts,  As^Oa,  SbgOg  or  Hg  salU. 

Yellow  sublimate  ^=  Aa^Sg,  Hg  CampoundB  (Hglj  turns  red  on 
touching  with  a  solid)   or  S   (reddish-brown  drops). 

BOBAZ-BEAD  TESTS. 

On  heating  sufficiently  borax  loses  its  water  of  crystalliza- 
tion, fusing  into  a  glassy  sufaBtance  called  a  bead.  Borax  beads 
have  great  avidity  for  oxids,  and  with  the  blow-pipe  give  char- 
acteristic colors  in  the  o.xidizing  and  reducing  flames  for  cer- 
tain inetalB,  as  shown  by  the  following  short  table: — 


Ce 

U 


OxniiziKO  Flaue. 
Blue. 

Green,  cooling  blue. 

Bed,  cooling  yellowish. 

Amethyst. 

Red-brown,  cooling  yellow. 

Bed  or  yellow,  fading  on  cooling. 
Yellow,  cooling  greenish. 


Beducinq  Fiaue. 
Blue. 

Bed  (cold). 
Bottle- green. 
Colorless. 
Gray,   opaque. 
Gray. 


Wo  Blue  '(cold). 

■n  Violet. 

Instead  of  borax  in  the  colored  bend  tests  we  may  employ  phosphor 
salt,  NaKH4HP04,  which  on  heating  loses  water  and  ammonia,  yielding 
sodium  m  eta  phosphate,  KaPOg. 

FLAKE  TESTS. 

Dip  loop  of  Ft  wire  in  HCl  (to  form  more  volatile  chlorid),  then 
catch  up  a  little  of  powder  or  concentrated  solution  and  hold  in  outer, 
colorless  Hame  near  base.  The  following  mcluls  each  give  a,  character' 
latic  color  to  the  flame: — 

Violet  ;^  K:  look  through  blue  glass  to  shut  out  yellow  colors; 
NH,  compounds  and  organic  matter  also  give  a  (ninl-vjolet  color, 
Througli  Co  glsss  the  K  color  appears  carmine  (non-luminous  Bunsen 
llame  appears  blue). 

Yellow  =  Na:  color  intercepted  by  blue  glass.  KjCraOT  (solu- 
tion or  crystal)  or  paper  painted  with  Hgig  held  between  eye  and  Same 
appears  a  bright  to  dark  yellow. 

Reddish  yellow  =  Ca. 

Greenisb  yellow  ^  Ba  or  Mo. 

Green  =  Cu,  Tl  or  boric  or  phosphoric  acid. 

Blue  =  Pb.  As,  Bb,  Bi,  CuClj. 
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CriiDBOn  ^  Li  (not  pptd.  from  solutions  hy  NH4  compounds)  or 
6r  {pptd.  from  solution  by  [NUjl^COa  in  presence  of  NH4OH  and 
NH4CII. 

Blue-green  =  Te. 

Sky-blue  ^  Se  (odor  of  horseradish). 

Blue-Tiolet  ^  In. 

Violet  =  Rb  and  Cs. 


QUANTITATIVE    ANALYSIS. 

Quantitative  deteniii nations  are,  in  general,  either  gravi- 
metric or  volumetric.  Gravimetric  metlioda  consist  aimply  in 
drying  and  weighing  the  various  ppts,  obtained  Beparately  as 
described  heretofore.  Precipitation  should  be  complete,  as 
ehown  by  the  reagent  giving  no  further  ppt.  after  subsidence. 
Knowing  the  ehemic  composition  of  the  ppt.,  the  amount  of 
each  element  in  it  and  the  weight  of  the  original  substance  in 
solution  are  readily  calculated  (see  "Stoechiometry").  The 
amount  of  substance  taken  to  be  analyzed,  if  in  the  solid  state, 
should  rarely  exceed  a  gram. 

All  the  ppt.  {usually  best  obtained  in  a  beaker,  avoiding 
excess  of  reagent)  is  collected  by  filtration  on  a  small  circle  of 
filter-paper  (Swedish  No.  3  is  best),  is  well  washed  with  dis- 
tilled water,  and  then  dried  by  placing  filter  and  contents  in  a 
drying  oven  at  100°  C.  The  dry  powder,  if  inorganic,  is  then 
transferred  from  the  paper  to  a  tared  crucible,  the  folded  paper 
(containing  particles  of  ppt.)  is  incinerated  on  the  lid  of  the 
cnicible  over  the  flame,  and  the  ash  is  removed  to  the  crucible, 
which  is  now  heated  until  all  moisture  is  expelled.  After  cool- 
ing in  a  desiccator  (a  closed  vessel  containing  a  dish  of  H2SO4), 
the  crucible  and  its  contents  are  weighed,  and  tlie  weight  of 
the  crucible  alone  and  of  the  filter-ash  (previously  determined 
hy  weighing  others,  or  stated  on  each  package)  deducted.  Or- 
ganic ppts.  generally  and  some  inorganic,  like  KaPtOIfl,  are 
collected  on  a  previously  dried  and  weighed  filter,  well  washed, 
dried  at  100",  then  weighed;  the  weighing  each  time  is  best 
done  between  two  watch-crystals  held  together  hy  clamps.  The 
addition  of  a  few  crystals  of  N'H4N0.i  to  the  substance  in  a 
crucible  aids  and  hastens  the  process  of  incineration. 

It  should  be  home  in  mind  that  ignition  often  clianges  the 
character  of-  a  ppt. ;  thus,  oxalates  become  carbonates ;  hvdrox- 
ide,  oxids;  and  phosphates,  pyrophosphates.  The  water  of 
crystalli?;ation  is  cslimnted  hy  heating  a  gram  or  so  of  the 
salt  in  the  air-bath  at  from  120°  to  ;!00°  until  no  further  loss 
in  weight  takes  place.  The  carbonic  acid  of  carbonates  is  gen- 
erally determined  hy  treating  with  dilute  HCl,  and  calculating 
the  loss  as  CO2-  In  heating  substances  which  foam,  to  deter- 
mine ash,  loss  by  running  over  can  be  prevented  by  inverting  the 
Bunsen  burner  over  the  specimen  until  it  is  charred. 

In  the  wet  methods  of  quantitative  analysis  it  is  particu- 
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larly  necessary  to  throw  down  all  of  a  given  compound  by  add- 
ing the  reagent  drop  by  drop  to  the  solution,  with  shaking  or 
etirring  and  sometimes  warming,  until  no  further  ppt.  is  pro- 
duced. After  this  the  mixture  should  stand  for  a  few  minutes 
to  allow  complete  precipitation  to  take  place.  The  ppt.  on.the 
filter  should  be  well  washed,  as  a  rale,  by  means  of  a  jet  of 
distilled  water  from  tlie  waah-botfle,  saving  the  washings  with 


rig.  4$.— Buret  Fig.  50.— Ex[r*cUoD  AppantU*. 

the  remainder  of  the  filtrate  for  the  next  reagent.  Cloudy 
washings  can  usually  be  prevented  by  allowing  tiie  deposit  on 
the  filter  to  drain  dry  before  washing.  Filtration  is  aided  by 
conducting  the  clear  supernatant  liquid  down  a  glass  rod  from 
the  lip  of  the  beaker  on  to  the  filter  before  washing  the  ppt.  out 
of  the  beaker. 

In  the  use  of  the  analytic  baknce  and  weights  care  should 
b*  taken  never  to  put  any  chemical  directly  on  the  pan,  but  in 
a  clean  tared  crucible  or  wat<;h-crystal ;  to  use  forcepo,  not 
fingers,  for  lifting  weights;  to  keep  the  beam  off  the  knife- 
edge?  when  making  any  transfer;  to  weigh  corrosive  substances 
in  stoppered  tubes ;   and  to  keep  duet  out  of  the  inBtrument  aa 


much  as  possible.  Careful  notes  siiould  be  taken  of  each  step 
and  a  syetematic  record  kept  for  final  calculation  and  future 
reference. 


FIB.  51.— Drytns  Batli, 

Experiment. — Weigh  out  1  gm.  of  BaCl2.2H20,  dissolve  in  100  o.e. 
of  water,  ppt.  Ba  with  dilute  HgSO^,  dry  and  weigh  ppt.,  and  reckon 
from  this  weight  that  of  the  chlorid  first  taken. 

EzpcTiment. — Ppt.  Pt  from  solution  of  PtCl^  by  adding  NHiCl, 
then  one-half  volume  of  alcohol.  Collect  ppt.,  wash  with  alcohol,  dr; 
and  weigh.  Every  100  parts  of  the  ppt.  represent  44.28  parts  of  Pt. 
Why? 


Fats  and  oils  are  separated  from  other  constituenta  oj 
subBtance  by  continuous  extraction  for  eome  hours  with  boiling 
ether,  petroleum  ether  or  CCU  in  the  Soxhlet  or  some  similar 
apparatus  provided  with  a  condenser  at  the  top.    The  material 
to  be  extracted  is  placed  in  a  fat-free  paper  thimble  covered 
a  plug  of  cotton,  in  a  glass  tube  loosely  pliagged  at  each 
in  a  Gooch  crucible. 


'ed  with        ^H 
end,  or        ^H 
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Crude  fiber  in  vegetable  matter  (fat -freed)  can  be  deter- 
mined by  boiling  for  a  half-hour  with  1.25  per  cent,  H2SO4  and 
1.35  per  cent.  NaHO  solution  succesBively.  A  simple  arrange- 
ment to  overcome  foaming  is  a  beaker  on  which  rests  a  hemi- 
spheric glass  evaporating  dish  nearly  filled  with  cold  water.  If 
material  is  carried  up  side  of  beaicer,  dislodge  and  bring  down 
with  rubber-tipped  glass  rod. 

The  volumetric  method  is  very  rapid  and  convenient,  and 
consists  essentially  in  adding  to  a  substance  in  solution  from 
a  buret  (titration)  a  standard  solution  of  the  reagent  until  the 
reaction  is  just  completed,  as  shown  by  color-changes  in  the 
Bnbstance  tested  or  in  some  other  substance  added  as  an  indi- 
cator. Graduated  flasks  or  beakers  and  pipeta  are  also  utilized 
in  this  method. 

Standard  solutions  are  either  normal  or  empiric:  that  is, 
arbitrary,  as  Fehlinp's  solution,  which  is  so  constituted  that  1 
C.C.  is  completely  reduced  by  5  mg.  of  dextrose. 

All  normal  solutions  are  chemically  equivalent  to  each 
other  in  equal  volumes.  They  are  prepared  by  dissolving  in  a 
liter  of  distilled  water  the  weight  in  grama  of  a  molecule  (gram- 
molecule)  of  the  substance  (including  water  of  crystallization) 
in  the  case  of  monovalent  substances  (monacid  or  monobasic) ; 
■  one-half  the  gram-molecule  in  the  case  of  substances  combin- 
ing in  the  divalent  r6le  [H^SO^,  Na2C03.  Ca(irO)a];  and 
one-third  the  gram-molecule  of  substances  whose  hydrogen  equiv- 
alence of  tlie  positive  and  the  negative  ions  is  3.  By  the  stand- 
ard or  titer  of  a  volumetric  test  solution  is  meant  its  strength 
per  liter  or  cubic  centimeter.  A  normal  solution  is  expressed 
briefly  aa  N/]  or  M.  More  delicate  results  are  obtained  by 
diluting  normal  solutions  10  to  100  times,  the  resulting  solutions 
being  designated  aa  N/m  (decinormal)  or  N/mn  (centinormal). 

Volumetric  methods  are  of  three  general  types:  direct, 
indirect,  and  residue.  The  neutralization  of  an  acid  with  an 
alkali  is  an  example  of  the  first;  the  liberation  of  CI  from 
HCl  by  boiling  with  MnO^  and  the  eftimation  of  the  CI  with 
KI  ae  liberated  I  by  means  of  WasSaO.i  is  an  example  of  the 
second;  the  estimation  of  CaCOs  by  difference  on  treating  with 
a  norma!  acid  solution,  which  is  afterward  titrated  with  alkali 
to  determine  the  loi^s  of  acidity,  is  an  example  of  the  third  class. 

The  chief  general  proceaees  included  under  volumetric 
titration  are  neutralist  ion  (acidimetry  and  alkalimetry'),  oxida- 
tion (dichromate*!,  permanganates),  reduction  (ferrous  salts, 
HnC^04),  precipitation,  and  iodimetrv  (estimation  of  T  with 
Na^SoOa). 

The  principal  color-changes  are  in  litmus  (from  red  to 
blue  for  neutralization  of  acids,  and  Wrr  vfrsa),  phenolphthal- 
ein  (I  per  cent,  solution  in  dilute  alcohol:  pink  with  alkalies, 
colorless  with  acids-— does  not  redden  with  bicarbonates) ,  cochi- 
neal or  rosolic  acid  (yellow  with  acids,  violet  with  alkaliea;  used 
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chiefly  for  NH3  and  NH4  compounds),  methyl-orange  (0.1  per 
cent,  aqueous  solution:  yellow  with  hydrates,  carbonates,  and 
bicarbonates ;  orange-red  with  acids),  starch  solution  (blue  with 
1),  KoCr04  (red  color  with  Ag  salts),  and  ferric  alum  (brown- 
red  with  KSCN).  Phenolphthalein  is  itself  slightly  acidic.  It 
is  not  a  suitable  reagent  with  NHg  or  bicarbonates.  Methyl- 
orange  (red)  is  converted  by  bases  into  thfe  dissociated  salt 
(anion,  yellow). 

A  few  drops  of  these  solutions  are  added  to  the  substance 
to  be  tested,  al^o  in  solution  in  a  beaker  or  flask.  KMn04 
gives  off  0,  and  is  decolorized  on  heating  with  organic  sub- 
stances in  an  acid  solution.  CrOs,  on  reduction,  changes  from 
orange  to  green. 

Weak  acids  (carbonic,  phosphoric)  should  be  titrated  with 
litmus  and  a  strong  base.  Weak  bases  (NHg)  should  be  titrated 
with  a  strongly  acidic  indicator  (methyl-orange)  and  a  strong 
acid. 

The  basis  for  normal  acid  solutions  is  oxalic  acid,  which 
is  chosen  because  it  does  not  contain  a  variable  quantity  of 
non-crystalline  water,  as  is  the  case  with  the  common  mineral 
acids.  The  full  formula  of  crystallized  oxalic  acid  is  H2C2O4.-. 
2II0O;  hence  the  molecular  weight  is  125.7.  Being  dibasic, 
one-half  this  weight,  or  62.85  gm.  of  the  acid,  is  dissolved  in 
sufficient  distilled  water  at  15°  to  make  a  liter. 

The  basis  for  normal  alkali  solutions  is  NaoCOs,  of  which 
52.92  gm.,  or  half  the  gram-molecule,  is  dissolved  in  water  and 
diluted  to  a  liter.  Other  normal  alkali  solutions  (KHO,  NaHO) 
are  obtained  by  dissolving  approximately  the  H  equivalence 
(one-half  or  the  full  molecular  weight  in  grams)  of  the  sub- 
stance in  about  1000  c.c.  of  water,  then  titrating  with  normal 
acid  and  diluting  with  water  until  10  c.c.  of  the  acid  solution 
is  exactly  neutralized  by  10  c.c.  of  the  alkali.  Other  normal 
acid  solutions  than  oxalic  are  standardized  by  means  of  a  nor- 
mal alkali  solution. 

In  titrating  carbonates  with  normal  acid,  the  alkaline  solu- 
tion should  be  boiled  toward  the  end  of  the  reaction  in  order 
to  drive  off  COo,  which  has  an  acid  reaction  on  litmus  and 
phenolphthalein,  but  not  on  methyl-orange.  Alkali  salts  of  the 
organic  acids  are  first  converted  into  carbonates  by  ignition 
before  titrating  with  acids. 

Acids  neutralize  bases  (including  oxids,  carbonates,  and 
organic  salts  after  ignition),  and  bases  neutralize  acids  or  acid 
salts  (such  as  KII0PO4).    For  example: — 

39.96       36.37       58.37      17.96 
NaHO  +  HCl  =  NaCl  -f  H2O 

As  shown  by  the  molecular  weights  with  the  above  equa- 
tion, 1  c.c.  of  any  normal  solution  is  equivalent  to  1  c.c.  of  any 
other  for  which  it  is  a  test,  and  the  exact  weight  of  any  acid  or 
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alkali  in  solution  is  readily  found  by  neutralizing  with  a  normal 
or  deoinormal  alkali  or  at-id,  and  luulti plying  tlie  number  of  c.c. 
need  of  the  latter  by  the  weight  in  nig.  of  1  c.c.  of  a  normal 
solution  of  the  substance  tested.  The  following  table  of  coro- 
1  neutralization  equivalents  in  grains  is  cooTenlent  for  refei^ 


enfic:- 

Okb  C.c.  of  Nobmal  Acin  ib 
Em!iVAij:NT  TO 

Ammonift     0.01701 

Ammonium  carb.  (U.S. P.)  0.06326 

Lead   Bubai^ctnte 0.1.10(12 

Lithium  carbonate   0.03603 

PotABsium   bicarbonate      .  0.0»aS8 

Potassium  carbonnte    . .    .  0.0C893 

Potassium   hydroxid    ....  0.05599 

Potaaaium   permang.    0.03153 

Pot.  Bodium  tartrate   .  .    .  0.14076 

Sodium  iiicarbonate    .  .      .  0.063S5 

Sodium   borate    ...      ,  0.10046 

Sodium   carbonate    ....    ..  0.0S2S2 

Sodium   hj'droxid 0.03096 

Strontium   lactate    ...      ..  0.13244 


OSB  c.c.  OW  NoBMAI,  Al,KAU  IS 


Acetic  acid    ... O.OfiOSS 

Citric   acid    0.06983 

Hjdrobromic  acid   ...      .  0.08076 

Hydrochloric  acid  0.03637 

Hydriodio   acid    0.12753 

Hvpophosphoroiis  acid     ..  0.06588 

Lactic  acid   0,08989 

Nitric  acid    0.06289 

Oxalic  acid    0.06386 

Phoiphoricacid  (KjHI'O,)  0.048110 

■'      (KHjPOj)  0.09780 

Potassium  dichromote   ...  0.14689 

Suipburic   acid    0.04891 

Tartaric   acid 0.07482 


The  phanuaceutic  practice  of  volumetric  wofk  is  to  weigh 
out  such  an  amount  of  the  substance  for  analysis  that  the  num- 
ber of  c.c.  of  the  normal  solution  used  will  express  the  per- 
centage. Thus,  3.62  gm,  of  United  States  Pharmacopeia  dilute 
HCl  containing  10  per  cent,  of  the  anhydrous  acid  is  exactly 
neutralized  by  10  c.c.  of  normal  alkali. 

All<aloids  can  be  estimaied  volumelrically  by  dissolving  in 
a.  measured  amount  of  N/b^i  HCI  and  determining  the  excess  of 
acid  over  that  which  combines  with  flie  alkaloid,  by  means  of 
N/nn  NaHO,  using  phenol phtlialein  as  an  indicator.  Each  c.c. 
of  the  N'sH  acid  is  equivalent  to  the  following  gram  factors 
of  alkaloids: — 


BrucFn"  .  '. 
Cinchonin 


0.0197     Nicotin    0.0040 

.0,0147     Quinin    0.0102 

Spartein  


.   0.0187 


Codein   0.0149     Strychnin 


Mayer's  solution,  or  the  decinormal  potassium 
iodid  solution,  contains  .ty.3  gm.  of  this  salt  per  liter,  and  is 
made  by  dissolving  13.546  gm.  of  HgCla  in  GOO  c.c,  water  and 
49.8  gm.  KI  in  100  c.c.  water,  mixing  the  two  solutions  and 
diluting  up  to  1000  c.c.  This  solution  is  used  in  estimating 
some  of  the  alkaloids,  which  should  be  distinctly  acidified  (not 
with  HCallaOa)  before  nmning  in  the  reagent.  The  end  of  tho 
reaction  is  shown  when  the  reagent  produces  a  ppt.  with  a  few 
drops  of  clear  filtrate;  an  excess  should  be  avoided.  The  ppta. 
formed  by  Mayer's  reagent  are  compounds  of  the  base  with  one 


or  more  molecules  of  HI  and  Hglg.  The  following  equivaleiits 
have  been  determined  experimentally  for  each  c.c.  of  the  deci- 
normal  solution: — 


Aconitin    0.028B 

Atpopin    0.0097 

Berberin    0.0425 

Bnicin    0.0197 

Cinehonm    0.0102 

OoniiD    0.012S 

Emetin    0.01S9 

HjoTCjamin    0.0069 


Morphin    0.0200 

Narcotin     0.0213 

Nicotin    0.0040 

PhyBOHtigmin    0.0137 

Quinidin    0.0120 

Quinin    0.0108 

Strjchnin    0.0187 

Veralrin    0.0206 


Oxidimetry  is  accomplished  by  means  of  potassium  per- 
manganate, KMnO^   (313.96),  which  gives  off  5  atoms  of  0 
in  the  presence  of  H2SO4  and  organic  matter : — 
aKitnO*  4-  SHaSdi  =  K^SOt  -f  SMnSO^  +  60  +  SHaO 

A  normal  oxidizing  solution  is  one  which  will  liberate  as 
much  0  per  liter  as  is  equivalent  to  1  gram-atom  of  H,  namely: 
lA  gram-atom,  or  8  gm.  of  0,  since  it  takes  3  of  H  to  combine 
with  1  of  0.  A  normal  solution  of  KMnO^  therefore  con- 
tains Yjo  its  molecular  weight  (^/^-^5),  or  31.396  gm.  per 
liter.  It  is  standardized  by  means  of  nonnal  (or  decinormal) 
oxalic-acid  solution,  equal  volumes  of  which  completely  decol- 
orize the  permanganate  solution.  The  equivalence  of  normal 
KMn04  for  different  substances  is  obtained  by  studying  the 
equations  representing  their  reactions.  For  example:  KNO2 
+  0^KN03.  Nitrites  take  up  1  atom  of  0,  equivalent  to 
2  liters  of  N/i  KMnOi  .  ' .  the  equivalent  factor  of  :^ 

KNO2  ="- -"^^'^^^  =^"Z=  0-0434S 
The  decinormal  equivalent  is  0.004348.     In  estimating  Fe  and 
its  compounds  with  KMnO^,  ferric  compounds  must  first  be 
reduced  to  ferrous  by  heating  in  a  flask  with  nascent  H   (Zn 
-fHsSO,). 

The  following  are  the  most  important  equivalences  of  1 
C.C.  of  decinoimal  KMnOi : — 

Barium  dioxid    O.O0B441      Hydrogen  dioxid   0.001088 

Ethyl  nitrite    0.003743      Hypophosphoroua  ncid   ..   0.001847 

FerrouB  carbonate 0.011B05      Oialic  aoid   (cryat.)    0.00021)5 

Ferrous  oxid    0.00719r.      Oxygen    0.000704 

FeTTouB  sulphate O.0150S5      Potaaaium   hypophosphite  0.002508 

Ferroua  sulphate  (cryst.)   O.027SO1      Sodium  hypophOHpMta  ..   0.00264S 

lodimetry  depends  on  the  decolorizing  reaction  between  I 
and  Na^SoOa: — 

21  -I-  SNaaSaOs  =  2NaI  -|-  Na28408 

Normal  solutions  of  both  these  substances  are  used  with 
starch  solution  (1  gm.  of  starch  in  200  c.c.  of  boiling  water)  as 
an  indicator  of  uncombined  I.  The  thiosulphate  is  also  em- 
ployed for  the  volumetric  determination   of  CI   and  of  ferric 
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eaJtB  through  the  agency  of  KI,  free  I  being  liberated.  Deci- 
normal  I  solution  is  made  by  diaaolving  12.653  gni.  of  I  in  a 
solution  of  18  gm.  of  KI  in  300  c.c,  of  H2O  and  diluting  to  a 
liter.  Sodium  thiosulphate  contains  5  molecules  of  watfir  of 
crystallization ;  hence  its  nonnal  solution  is  made  to  contain 
S4G.46  gm.  of  the  salt  per  liter. 

Decinormal  AgNOg  solution  (16.869  gm.  per  liter)  is  used 
for  the  direct  estimation  of  haloid  salts  and  acids.  Normal 
K;Cr04  is  used  as  an  indicator,  forming  permanent  red  chro- 
mate  of  silver  as  soon  as  all  the  chlorid,  bromid,  and  iodid  has 
been  pptd. 

Copper  is  generally  estimated  volumetrically  hy  a  standard 
solution  of  KCN,  made  by  dissolving  60  gm.  of  KCN  in  a  liter 
of  water,  the  solution  to  be  kept  in  a  dark  place  in  a  glass- 
stoppered  bottle.  Then  weigh  out  0.25  gm.  of  pure  Cu  foil  or 
wire,  place  in  a  beaker,  and  add  10  c.c.  each  of  HNO3  and  H3O, 
and  boil  till  all  the  Cu  is  dissolved  and  brown  fumes  cease  to 
appear.  Transfer  the  solution  and  beaker  washings  to  a  100 
C.C.  flask,  dilute  to  the  mark,  and  shake  thoroughly.  Take  half 
of  this  in  a  beaker,  add  slight  excess  of  NH4OH  and  rim  in  the 
KCN  Bolution  unti!  the  hlue  color  is  changed  to  a  faint  pink. 
Repeat  the  standardizing  process  with  the  other  half  of  the  Cu 
solution,  and  take  the  average  of  the  two  findings.  Compute 
the  equivalence  factor  by  dividing  0.125  by  the  number  of  c.c. 
of  KCN  used  to  decolorize  the  Cu  solution.  Thus,  if  it  takes 
20  c.c.  of  KCN  to  remove  the  blue  color,  then  the  factor  is : — 
0.135 -=-30  =  0.00625 

HCN"  is  estimated  by  treating  solution  with  5  c.c,  strong 
NH^OH  and  3  c.c.  5  per  cent.  Kl,  then  titrating  with  n/m 
AgNOs  until  a  permanent  cloudiness  appears.  Each  c.c.  of  silver 
solution  equals  0.005396  gm.  HCN. 


SPECIAL  KETHODS  AND  APPARATUS, 
AESEinC  TESTS. 
If  dissolved  in  stomach -con  tents,  separate  from  colloids  hy 
dialysis,  and  destroy  all  organic  matters  by  boiling  for  some 
hours  with  addition  of  HNO3,  and  filtering.  The  chemicals 
and  dishes  used  roust  first  be  proved  free  of  arsenic  by  blank 
tests. 

1.  Ignite  on  oharcoal  with  blow-pipe  and  note  garlicky  odor. 

2.  Heat  a  Bmall  quantity  in  a  reduction  tube  witli'  NajCOj  and 
KCN;  obBerve  dark  metallic  mirror  in  upper  part  of  tube,  due  to  A». 
On  breaking  off  lower  end  of  tube  and  heating  again,  we  get  a  rrj'stal- 
line  mirror  of  AfjOa- 

3.  Fleitmann'i  Teit.— Boil  a.  small  piece  of  Al  with  KHO^  — 

Alj  -f-  2KH0  +  2n20  =  KjAljO,  +  3Hj 
In  preaence  of  As  HjAa  ia  formed,  reducing  AgNOg  (white  fllier-paper 


dipped  in  Btroug  Bolution  and  held  over  mouth  of  tube)  to  black,  shining, 
metallic  As.    6b  does  not  react  to  tbiB  test  at  all. 

4.  Kelnioll'i  Teat. — The  arMnic  solution  acidulated  with  one- 
seventh  as  much  HC1  depodita  a  blue-gra;  film  of  At  {or  6b,  Eg,  Ag  or 
Bi  and  some  rare  metals)  on  Gu  foil  with  the  aid  of  heat.  Wash  foil  in 
water,  dry  with  filter-paper,  and  heat  gently  in  wide,  dry  test-tube  or 
near  lower  end  of  open  glass  tube  about  3  mm.  in  caliber.  Note  crystal- 
line deposit  in  upper  part  of  tube.  Break  tube  aod  examine  crystals  of 
AsjOg  under  microscope.  ^b^7  '^I'e  octahedral — rhombic  prisms  if 
cooled  rapidly.  A  film  of  6b20^  yields  a  white  band  of  amorphous 
(rarely  octahedral)  material.  Bi  gives  no  sublimate  on  heating  in  a 
glass  tube.    Hg  shows  a  sublimate  of  minute  shinins  ^obules. 

Test  Cu  for  Beinsch's  test  by  polishing  it,  then  drop  a  portion 
into  a  boiling  mixture  of  equal  parte  of  solution  of  FeClg  and  cone. 
HCI.  If  Ab  is  present  in  the  copper,  it  will  show  as  a  black  coating. 
The  Reinsch  test  act<  only  with  strong  solutions  of  arsenic  acid.  It  is 
interfered  with  by  oxidizing  agents,  which  dissolve  Cu. 


or  MiDule  AmouDt  of  Arseo 


S.  Kanh's  Test. — Prepare  nascent  H  from  pure  Zn  and  dilute 
EjSO^;  after  a  few  minutes  ignite  and  show  that  no  stein  is  produced 
by  the  flame  on  a  white  porcelain  surface.  Then  add  suspected  solution. 
If  As  is  present,  the  color  of  the  flame  changes  to  a  light  blue  (AB2O3 
fumes)  characteristic  of  HjAs,  and  a  dark  metallic  stain  is  left  on  a 
white  porcelain  surface  by  touching  it  to  the  Qame.  This  stain  may  be 
either  meteliic  As  or  Sb.  To  distinguish  between  the  two  (As  is  soluble 
in  NaCiO  solution)  dissolve  tbe  spot  in  a  drop  of  HNO3,  evaporate 
l^ntlf  (As  is  volatile] ,  and  apply  a  drop  of  a  strong  solution  of  AgNOj, 
which  gives  with  As  a  brick-red  mark  due  to  Ag3As04:  tbe  stain 
exposed  to  HgS  turns  lemon-yellow.  The  tube  through  which  tiie  HjAb 
passes,  when  heated  to  a  dull-red  heat,  shows  a  mirror,  in  the  oooler 
part,  of  meteliic  As.  Extinguish  the  flams_  and  dip  delivery  tube  into 
AgNOs;  on  running  NH4HO  over  the  latter' fluid  a  jreilow  ring  appears 
at  the  junction  of  tbe  two  fluids.  Marsh's  Is  the  most  delicate  test 
known  for  As  and  ite  compounds,  showing,  it  is  said,  as  small  a  pro- 
portion as  I  part  in  200,000,000.  Unfortunately  It  is  inconclusive  in 
the  presence  of  organic  matter,  which  can.  however,  be  destroyed  by 
oxidizing  with  HNO,,  or  with  KCIO3  and  HCI. 

The  Mar^h  test  is  interfered  with  by  cblorids,  nitrous  compounds, 
HCI,  HNO.,,  and  salts  of  Ag  or  Eg.  The  gas  passed  into  AgNOj  solution 
gives  a  black  deposit  of  Ag^Sb  (As  stays  in  solution).  CaClj  should  be 
placed   in  a  drying  tube  between  plugs  of  glsBs-woot.     Heat  the  hard 
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glus  exit  tube  red-hot  for  15  minutes  to  teat  purity  of  chemicals.  If 
organic  matter  cauacB  much  frothing,  add  a  little  alcohol. 

To  detect  the  presence  of  arsenic  in  wall-paper,  oxidize  to  arsenic 
acid  and  destroy  organic  matter  bv  warming  witb  HNOg  and  H^SOj. 
Evaporate  excesH  of  acid,  dilute  with  water  aad  apply  Marsh's  test. 

e.  Qntieit'B  Test.— Put  about  1  gm.  pure  Zn  in  a  test-tube,  add 
6  e.c.  of  6  per  cent.  HjSO^  and  a  few  drops  of  the  As  aolution  (not 
alkaline).  Cap  the  mouth  of  the  tube  with  three  thicknesses  of  white 
Alter -paper,  and  moisten  the  upper  paper  with  a  drop  of  saturated 
aqueous  solution  of  AgNOg  acidulated  with  1  per  cent,  of  HNOj.  Place 
tube  in  hox  away  from  light.  After  some  hours,  or  sooner,  ti  yellow 
stain,  Ag..|AB  ( AgNOg )  3,  appears  on  the  paper  cap,  turning  brown  or 
black  on  moistening  with  H^O.  Compounds  of  Sb  yield  a  dark  stain 
with  this  test,  but  no  previous  vellow  color.  This  test  ahoM-g  as  little  aa 
0.001  mg.  AbjOj. 

The  Fnngni  Te»t. — The  "arsenic  fungus,"  Pcnicilium  brevicaule, 
is  said  to  yield  the  odor  of  garlic  on  contact  with  even  0.01  mg.  As. 

ZINC  TEST  FOB  ANTIUONT  (EOLIAIID). 

Put  auspopted  liquid  in  a  Pt  dish  and  acidify  with  HCl.  On 
immersing  a  atrip  of  pure  Zn,  8h  t  not  As)  Is  deposited  on  the  Pt  as 
a  black  slain.  Wet  stain  with  H^O^,  dry  at  a  gentle  heat  nnd  touch 
with  a  drop  of  dilute   (NHjljS,  getting  an  orange-red  color. 

XacCALLUVB  TEST  FOE  lEON. 

A  small  quantity  of  0.5  to  I  per  cent,  solution  of  hematoxylin 
added  to  an  iron  compound  produces  a  blue-black  reaction  with  inorganic 

—no  color  with  organic  iron. 

KEKCUK7, 

Oalvanie  Test. — Pl.ice  on  a  Cu  coin  a  drop  of  suspected  solution, 
acidulate  with  HCl,  and  touch  coin  at  this  spot  with  a  knlfe-blade,  Hg 
is  deposited  as  a  silvery  film  of  amalgam. 

A  similar  tent  is  made  by  wrapping  spinilly  a  atrip  of  dentist's 
gold  foil  around  a  bar  of  Zn,  and  immer-ting  the  couple  in  the  suspected 
solution  acidulated  with  Hn.  Tlie  Au  becomes  covered  with  a  silvery 
film,  and  on  heating  in  a  glass  tube  yields  a  aublimate  of  minute  highly 
refractive  globules. 

Free  I.  left  in  a  sublimation  tube  a  few  hours,  turns  Hg  film-ring 
yellow,  then  red. 

C07PZK. 

A  knife-blade  or  other  piece  of  bright  metnl  dipped  into  an  acid- 
ulated eoIutioD  shows  a  red  deposit  of  metallic  Cu.  lite  Cu  film  on  Fe 
turns  blue  on  dipping  in  NH4OH  and  exposing  to  the  air. 

Ammonia  added  to  solutions  containing  Cu  gives  a  blue  color  when 
enough  has  been  added  to  neutraliiie  any  acid  present. 

Galvanlo  Test  for  Copper. — Make  a  g»lvanic  couple  by  wrapping 
Pt  wire  around  Zn  foil.  Pt  is  discolored  by  Cii,  and  on  exposing  to 
vapors  arising  from  KBr  treated  with  HjSOi.  the  deposit  changes  in 
color  and  leaves  a  violet  mark  on  white  [lorceUin. 

FALLASITW. 


Na; 


HAOKESItm. 

Compounds  are  soluble  in  water  or  dilute  HCl.  (NH,)^^^  does 
ppt.  it  NH(C1  hfts  been  o-ddi'd  flrat,  but  on  treating  also'  with 
lEPO,  there  (alls  a  feathery,  wliite  ppt. 


HTDSOCTASIC  ACID, 
lleblg'*!  Test.— Place  a  portion  of  the  liquid  in  a  porcelain  capsule; 
add  a  few  drops  of  a  dilute  solution  of  NaHO  and  a  few  drops  of  solu- 
tion of  yellow  NH4HS.  Evaporate  to  dryness  on  water-bath;  then  add 
a  little  water  and  acidulate  with  HQ.  Finally  add  S  or  3  drops  of  solu- 
tion of  FeClg.  A  fine  red  color  proves  presence  ot  HCN.  ITiis  is  the 
moat  delicate  of  all  the  teats  for  prussic  acid,  giving  a  distiaot  reaction 
with  a  solution  of  1  to  4,000,000. 

FHOSPHOaUS. 

Simon's  Test. — To  detect  minute  amounts  (1  part  in  100,000)  of 
phoaphorua  in  cases  of  poisoning  render  the  matter  to  be  examined  fluid 
by  the  addition  of  water,  slightly  acidulate  with  H2SO4.  and  place  in  a 
flask  which  is  connected  with  a  bent  glass  tube  leading  to  a  Liebig 
condenser.  Place  the  apparatus  in  the  dark  and  beat  tlie  flask,  raising 
the  temperature  gradually  to  the  b.p.  If  P  be  present,  a  luminous  ring 
is  seen  where  the  ff1as»  tube  leading  from  the  flask  enters  the  condenser, 
H3FO3  or  small  globules  of  P  may  be  found  in  the  fluid  collected  in  a 
glass  vessel.  Vapors  of  alcohol,  Cl.  NHh,  HjS,  I,  ether  or  essential  oils 
and  chtorids  of  Mg  diminish  or  prevent  the  luminositj'  of  P  vapors. 

A  filter-paper  dipped  in  AgNOj  and  held  over  mouth  of  apparatus 
turns  black   (reduced  to  metallic  Ag— unoxidized  P  gives  black  A^P). 

Photphtn  Test. — It  bums  with  a  green  color  when  evolved  with 
E  (Zn  and  dilute  E2SO4),  and  free  P  (vaporized)  glows  spontaneously 
in  the  dark  at  the  jet  without  lighting.  This  test  reacts  to  P,  phosphids. 
phosphites  and  hypopbosphites.  After  death  P  may  he  converted  into 
NEfMgPOj  or  some  other  salt  of  no  medico-legal  significance. 

FHEITOL. 

DrBKendorfl's  Test. — To  50  c.c.  of  H^O  add  3  drops  of  anilin,  and 
dilate  10  drops  of  the  mi.fture  with  10  c.c,  of  water.  Add  aa  much 
NaCIO  solution  as  is  needed  to  cliange  the  blue  color  first  formed  to  a 
brown,  let  stand  a  few  minutes  and  add  suspected  solution,  previously 
treated  with  a  few  drops  of  NH^OH.  A  permanent  blue  color  proves 
presence  of  phenol, 

KOSFHIH. 

PellagTl'i  Test,— Trent  with  HCl  containing  a  little  H2SO4,  and 
heat  moderstely.  Let  cool  and  mix  residue  with  a  drop  of  HCl  and 
then  with  slight  excess  of  NaHCOg.  Add  a  little  water  and  tfaen  a  drop 
or  two  of  weak  solution  of  I  in  alcohol.  If  morphin  is  present,  a 
green  color  is  produced.  Ethereal  sulphates  {formed  before  and  after 
death)  and  aromatic  tyrosin  derivatives  show  color  reactions  closely 
resembling  those  given  by  morphin,  particularly  when  aniyl  alcohol  has 
been  used  for  extraction. 

Lefort's  Test.^Add  to  suspected  fragment  in  porcelain  dish  or 
on  dried  strips  of  filter-paper,  a  drop  of  solution  of  iodic  acid  and 
leave  for  10  minutes,  then  add  a  drop  of  10  per  cent.  NH4OH.  A 
mahogany  color  shows  morphin.  If  free  I  appears  from  the  iodic  acid, 
wash  the  spot  with  CHCI3  before  adding  the  ammonia.  Equal  parts  of 
H28O4  and  formalin  turn  morphin  purple  or  violet,  fading  very  slowly. 

Volumetric  Estimation  of  Morphia  in  Solution, — Add  S  c.c,  of  the 
solution  to  10  c.c,  ot  decinormal  solution  of  I  in  KI,  dilute  with  36  c.c. 
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B3O  and  shake  until  supernatant  liquid  is  quite  clear.  Filler  off  half 
the  volume  aud  titrate  with  a  standard  aalution  of  thiosulpbate  to 
estimate  the  free  I.  The  weight  of  I  consumed  in  pptg.  the  allcaloid 
times  0.74918  X  2  =  weight  of  anbjdrous  morplun  in  original  solution. 
Morphin  has  1  molecule  of  water  of  crj-stallization ;  the  sulphate,  6 
molecules. 

AcomnK. 

Numbness  and  tingling  of  lips  and  tongue  in  a  few  minutes  after 
holding  in  mouth  for  a.  minute  (very  poitonous).  AuCl^  gives  a  yellow 
amorphous  ppt.,  which  can  be  eryslilliitcd  from  aleohol.  When  in  con- 
siderable quantity,  saj's  Preseott,  moisten  residue  with  HNOg,  evaporate 
to  dryness,  cool  and  add  a  drop  or  two  of  alcoholic  solution  of  KOH, 
getting  odor  of  ethyl  benzoate. 

TEXTILE  FIBERS. 

Peltier's  Test. — Immerse  the  fibers  for  15  minutes  in  a.  mixture 
of  equal  volumes  of  H2Sb4  and  HNO3,  then  wash  thoroughly  in  water. 
Bilk  is  completely  dissolved,  wool  is  colored  yellow  or  light  brown,  while 
vegetable  libers  are  unchanged  in  color  or  structure,  but  yield  highly 
corabustible  gun-cotton  when  dried. 

ANALYSIS  or  GASEB. 

Gases,  drivon  off  by  beat  or  otherwise,  are  measured  in 
graduated  glass  tubes  (eudiometers),  usuaily  over  mercury, 
Bometiraes  over  brine  or  water.  The  weight  is  calculated  from 
the  volume,  makiEg  due  allowance  for  temperature  and  presBure, 
according  to  the  rulea  laid  down  in  the  section  on  "I'byBica." 
A  mixture  of  0,  N  and  CO2  in  the  eudiometer  is  analyzed  by 
exposing  the  gasen,  first  over  a  solution  of  KHO  (removes  COj), 
thm  introducing  a  piece  of  P   (absorbs  0),  the  N  remaining, 

ELECTBOLTTIC   KETHODS. 

These  are  very  convenient  for  separating  small  quantities 
of  mineral  poisons  from  organic  fluids — after  oxidizing  with 
KCIO3  and  HCl.  Hann  employs  a  small  glass  vessel  with  a 
bottom  of  parchment- paper,  immersed  to  the  surface-level  in 
an  outer  vessel  containing  distilled  water  acidulated  with  n^SOf. 
The  cathode  (about  50  cm.  square)  of  a  battery  of  four  Grove 
cells  is  made  of  gold  toil  for  Hg,  of  Pt  for  Pb,  and  is  fixed  in 
the  inner  vessel  near  to  and  parallel  with  the  bottom.  The  anode 
(Pt  for  Hg)  is  set  in  the  outer  liquid  near  to  and  parallel  with 
the  cathode.  The  current  is  passed  for  six  hours,  when  the 
cathode  is  removed,  thoroughly  washed,  and  freed  from  tlie 
coating  metal  by  sublimation  or  the  use  of  aolvents.  For  Cu  a 
Pt  dish  (cathode)  and  Pt  foil  (anode)  may  be  used,  passing  a 
weak  current  through  the  fluid  until  it  is  decolorized,  but  turns 
blue  when  a  drop  of  it  is  brought  in  contact  with  NH^HO.  One 
faraday  of  96,000  coulombs  is  required  to  deposit  one  gram- 
equivalent  of  any  substance. 
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XICKOCHEiaC  TESTS. 

These  are  very  delicate  and  attractive.  The  solution  tested 
should  seldom  be  above  0.01  pec  cent,  in  strength,  and  a  small 
drop  of  this  and  of  the  reagent  is  sufficient.  It  is  often  well 
to  mix  the  solutions  wann  and  allow  them  to  cool  slowly  on  a 
slide.  A  polarizing  apparatus  and  a  goniometer  add  to  the 
interest  of  the  work. 

Aconitln. — ^Two  crystalline  isomeric  aurochlorids  arc  prepared  by 
admixture  with  AUCI3. 

Ammonlnm.— On  adding  NaHO,  Na2HP04,  and  MgS04,  character- 
istic rhombic,  feathery  crystals  of  NH4MgP04  are  formed. 

Arsenic. — ^As203,  when  heated  in  a  narrow  tube  with  access  of  air, 
forms  in  the  cooler  part  a  sublimate  of  characteristic  colorless  octahedra 
(tetrahedra  or  dodecahedra ) ,  having  a  somewhat  triangular  outline. 

Atropln. — A  dilute  solution  of  sulphate  yields  with  picric  acid  a 
copious  light-yellow  deposit,  which,  after  stirring,  soon  becomes  crystal- 
line, and  appears  under  the  object-glass  as  aggregations  of  rhombic, 
transparent  plates. 

A  saturated  solution  of  Br  in  HBr  yields  a  yellow  ppt.,  quickly 
forming  lozenge-shaped  crystals,  insoluble  in  acetic  acid. 

Barinm. — ^Ammonium  tluosilicate  ppts.  Ba  compounds  from  slightly 
acid  solutions  as  BaSiF^,  which  occurs  in  needles  and  rods. 

Calcinm. — ^The  addition  of  a  soluble  sulphate  to  a  Ca  solution  ppts. 
colorless,  acicular  crystals,  often  arranged  in  radiate  masses  or  sheaves. 
Alcohol-vapors  render  the  reaction  more  sensitive. 

Cocain. — Free  cocain  crystallizes  in  monoclinic  prisms,  melting  at 
body  temperature.  Add  a  drop  of  dilute  KMn04  to  a  drop  of  the  cocain 
solution,  eetting  bright  violet  rhombic  plates.  Cocain  hydrochlorid  is 
immediately  pptd.  by  AUCI3,  showing  ragged,  acicular,  stellate  crystals 
(obtained  in  solutions  of  1:  12,000  and  stronger). 

Coniin. — ^Touched  with  alloxan,  it  gives  a  deep  purple-red  color 
and  white  acicular  crystals,  which  turn  purple  on  adding  KOH. 

CorrosiTe  Sublimate. — A  very  small  quantity  heated  in  a  reduc- 
tion-tube volatilizes  unchanged  and  recondenses  as  feathery  or  snowflake 
crystals  which  turn  red  on  sliding  a  drop  of  KI  under  the  cover-glass. 

Homatropin,  0.005  gm.,  dissolved  in  10  c.c.  of  boiling  acidulated 
(HCl)  water,  yields  with  6  per  cent.  AUCI3  on  cooling  large,  short 
prisms,  with  pointed  ends. 

Hydrooyanio  Aoid. — Place  dilute  solution  of  acid  in  a  watch-glass, 
and  over  this  invert  another  glass  holding  to  its  surface  a  small  drop  of 
AgNOs  solution.  The  acid  vapor  (driven  off  more  rapidly  by  warmth 
of  hand)  forms  a  white  film  of  AgGN,  which  appears  under  the  micro- 
scope as  very  small,  irregular,  prismatic  crystals  (vapors  of  CI,  Br,  and 
I  yield  amorphous  deposits). 

Hyosoyin  and  hyoscA^amin  yield  with  AuCls  long,  flat  needles  or 
irregular  plates,  respectively.  Atropin  chloraurate  is  granular  in  appear- 
ance. 

Lead. — A  very  small  quantity  O^so  g^'^'in)  in  solution  yields  with 
KI  a  yellow  ppt.,  which,  after  heating  to  boiling,  separates  on  cooling 
in  golden-yellow  six-sided  plates. 

Lithinm. — ^Na2HP04  added  to  a  hot  neutral  solution  of  a  Li  salt 
causes  rectangular  crystals  of  Li2HP04  to  separate. 

Kaflrnesinm. — ^Add  NH4CI,  heat  to  boiling,  then  add  a  warm  solu- 
tion of  Na2HP04  rendered  alkaline  with  NH4OH,  and  note  fern-like 
cr>stals  of  NH4MgP04. 

Korphin. — One  one-hundredth  grain  of  salt  dissolved  in  1  m.  of 
H2O  yields  with  a  small  drop  of  KI,  on  stirrins  and  standing,  a  white, 
crystalline  ppt.  consisting  of  radiate  bundles  of  fine  needles. 


NITROMETEY. 
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Xumrln. — This  alkaloid  is  usually  obtained  as  a  syrup,  freely 
•oluble  in  water  and  alcohol,  and  very  strongly  allcaline.  Excess  of 
FtCl^,  on  evaporation  in  a  Tacuum,  yields  small  octahedra. 

ITfmtln.-'BgCl:  yields  white  crystals,  soon  turning  yellow,  soluble 
in  HCjBgOj  or  in  HCl.  Ethereal  solution  of  I  gives  a  ppt  of  ruby-red 
arystAts  (Rousain's  test). 

Ozalio  Aold. — CaClj  yields  octahedra,  small  and  colorless;  micro- 
scopic appearance  like  back  of  square  envelope.  ZnCx04  is  similar  in 
structure. 

Potaislnm. — Neutral  or  sli^tly  acid  solutions,  evaporated  slowly 
after  adding  PtCI«,  exhibit  highly- refractive,  yellow  octahedra  of 
KsPtClg.    Alcohol  makes  the  test  more  sensitive. 

Qninln. — Stellar  groups  of  needles  quickly  appear  on  adding  OJi 


FlK.  H.— Nitrometer. 


e.e.  of  5  per  cent.  KjCrO^  to  6  c.c.  of  saturated  aqueous  aolution  of 
sulphate. 

Sodium. — ^Acetate  of  uranyl  causes,  in  concentrated  Na  solutions, 
the  formatioQ  of  tetrahedra  and  allied  forms  of  NaCiHjO;,  UOg- 
(CjHaOj)j. 

Strontium. — Chromates  ppt.  SrCrO^  in  presence  of  NaC2Hg02: 
yellow  rods,  spheres,  end  dumb-hells. 

Strychnin. — One  one-hundredth  grain  or  less  dissolved  in  1  m.  of  ' 
HjO  and  treated  with  KCNS,  yields  a  white,  crystalline  ppt.,  consisting 
•f  long,  radiating  prisms  and  club-fhsped  forms. 

HITROKETKT. 

The  nitrometer  is  an  inBtrument  consisting  of  two  upright 
gla*a  tubes  (one  open  above,  the  other  graduated  and  provided 
with  a  utop-cock)  connected  below  with  rubber  tubing.  It  is 
used  especially  for  the  determination  of  the  strength  of  spirit  of 
nitrous  ether. 

Estimation  of  Ethyl  Sltrlte.— According  to  the  United  SUtes 
Pharmacopeia  (1890)  it  6  c.c.  of  recently  prepared  spirit  of  nitrous 
ether  be  introduced  into  a  nitrometer  and  followed  by  10  c.c.  of  KI  and 
then  ID  c.c.  of  H3SO4,  the  volume  of  NO  generated  at  25°  C.  should  not 
be  less  than  53  c.c.  (corresponding  to  4  pi<r  cent,  of  pure  ethyl  nitrite). 
The  instrument  ia  commonly  filled  with  a  strong  common-salt  solution. 


CaHoNOz  +  KI  +  HaSO,  =  CaHgHO  +  I  +  KHSO4  +  NO 
Estimation,  of  Strengtli  of  SleacliinE  Powder. — Weigh  out  0.6  gm. 
of  the  powder,  rub  with  water  to  a,  thin  pasts,  pour  into  a  liter  flaakg 
and  dilute  to  the  mnrk.  Shnko  well,  and  place  60  c.c.  of  the  turbid 
solution  in  the  nitrometer,  and  fill  with  water;  then  admit  5  c.c.  of 
E2O2  (rendered  just  alkaline  with  NaHO)  from  little  cup,  and  let 
stand  until  gas  formation  ceaacs.  The  volume  of  O  evolved  represents 
the  same  volume  of  active  CI. 

Eitlmatton  of  0  In  H^Oi.— Since  SHjOj  +  ZKMnOt  +  3H2SO4  = 
KjS04  +  KMnSOi  +  8H2O  +  SOj.  the  value  of  either  the  peronid  or  the 
permanganate  can  be  determined  by  using  an  excesa  of  one  or  the  other 
in  the  operation.  Then  every  e.e.  of  evolved  0  (rwluced  to  Btnndard 
temperature  and  preseurcj  :=2.824  mg.  KMnO^  or  1.619  mg.  H^Oj,  as 
the  case  may  be. 

PKAHMACETJTIC  ASBATS. 

The  pharmaceutic  assay  of  organic  drugs  is  accomplished 
n-ith  the  aid  of  extraction  apparatus  (Soxhlet  tube  for  hot 
extraction)  and  various  solvents,  especially  ether,  alcohol,  and 
chloroform,  or  with  Prolliua'a  fluid  (1  c.c.  of  stronger  NH4OH, 
2.5  c.c.  of  alcohol,  and  32.5  c.c.  of  ether).  The  active  principle 
can  be  e.xtracted  by  macerating  10  gm.  of  the  finely  pow- 
dered substance  in  100  c.c.  of  the  solvent  for  twenty-four  hoars, 
at  the  end  of  which  time  half  the  clear  liquid  is  decanted  aod 
evaporated  until  the  ether  is  removed.  The  residua!  liquid  ia 
treated  with  0.5  c.c.  of  dilute  H2SO4  and  10  c.c.  of  H2O,  and 
filtered  inio  a  separating  funnel,  washing  with  about  5  c.c.  more 
of  water.  The  resinous  and  coloring  matters  in  the  separator 
mixture  are  removed  by  shaking  with  two  or  three  portions  of 
ether  (10  c.c.  each  time),  after  which  the  remaining  aqueous 
solution  is  rendered  alkaline  with  NaHO  and  shaken  in  the 
funnel  with  1  volume  of  chloroform  and  3  volumes  of  ether, 
repratfd  twice.  The  three  ethereal  solutions  are  evaporated 
to  dryness  in  a  tared  beaker,  then  weighed,  and  dissolved  in 
very  dilute  acid  and  teated  volumetrically.  When  very  little 
alkaloid  is  present  in  a  crude  drug,  alcohol  (0.820)  is  an  efficient 
solvent.  It  may  be  recovered  by  distillation  and  the  residue 
poured  into  acidulated  water. 

Glucosids  are  often  removed  from  the  acid  solution  before 
rendering  alkaline  for  the  isolation  of  the  alkaloids,  by  shaking 
with  chloroform,  benzene,  or  petroleum  ether,  and  decanting, 
or  separating  in  a  funnel.  The  detailed  processes  for  assaying 
opium,  cinchona,  nux  vomica,  etc.,  will  be  found  in  the  United 
States  Pharmacopeia. 

PROZXKATS  OKOAmC  ahaltsis. 

Extract  fats  with  ether,  extractives  with  hot  alcohol,  and 
soluble  minerals  with  hot  water,  leaving  proteins  and  insoluble 
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minerals.     Volatile  oils  are  separated  from  resins  by  shaking 
with  gaeolin. 

ULTnUTE  AHALTSIS. 

Ultimate  or  elementary  analysis  is  accomplishe-d  by  means 
of  a  eombnstion  tube  and  furnace  connected  by  means  of  tubing, 
first,  with  a  U-shaped  tube  containing  dry  CaCla,  and,  second, 
with  a  bulbed  tube  (Geissler's)  containing  a  strong  solution  of 
KHO.  A  gram  or  lees  of  the  substance  is  mixed  with  about 
ten  times  as  much  CuO,  placed  in  the  combustion  tube,  and 
heated  for  a  sufficient  period.  The  CuO  helps  to  bum  any 
organic  matter. 

H  is  converted  into  HoO,  which  is  absorbed  by  the  CaCla 
and  estimated  as  one-ninth  the  increase  in  weifrht  of  this  tube. 
C  is  changed  to  COn,  which  is  taken  up  by  the  KHO,  increasing 
its  weight  thereby;  three-elevenths  of  this  increase  represent 
the  C  evolved. 

N  is  usually  determined  by  heating  the  substance  with 
soda-lime  (quicklime  and  cauptic  soda)  and  passing  the  NHg 
gas  evolved  into  a  beaker  containing  a  given  quantity  of  nor- 
mal HCl  solution.  The  diminution  in  acidity  is  measured  with 
normal  alkali  polution.  and  from  this  factor  the  weight  of  NH3 
and  of  N  obtained  by  comparison  of  molecular  and  atomic 
weights.  Or  the  NHg  may  be  passed  into  RC!,  which  is  then 
evaporated  over  the  water-bath,  leaving  a  residue  of  NH4CI, 

S  and  P  are  estimated  by  fusing  the  substance  with  KNO3 
and  Na-COn  in  a  cnicibJe.  0  and  H  are  driven  off  as  COo  and 
H2O,  and  S  and  P  are  oxidized  into  HnSO,  and  H.,P04,  respect- 
ively. The  fused  mas«  is  dissolved  in  water;  HnS04  is  pptd.  by 
BaClo  as  BaS04;  and  H3PO4  by  NH4CI,  NH4OH  and  MgSO* 
as  MgjPjO?. 

0  is  generally  determined  by  deducting  the  weight  of  all 
the  other  elements  from  the  total  weight  of  the  substance  taken 
to  be  analyzed.  If  the  organic  compound  is  nitrogenous,  or  if 
it  contains  any  halogens,  a  silver  or  copper  spiral  should  be 
placed  in  the  fmnt  part  of  the  combustion  lube  and  be  kept 
at  a  low  red  heat,  in  order  to  prevent  oxids  of  N  or  the  haloid 
elements  from  p;oing  over  into  the  collection  tubes  and  vitiating 
accurate  results.  Organic  compounds  containing  S  should  be 
oxidized  with  PbCr04  before  being  put  into  the  combustion 
tube. 

C  and  IT  in  nn  organic  liquid  are  determined  by  weighing 
in  a  capillary  bulb,  placing  in  a  Ft  boat  in  a  combustion  tube 
with  CuO,  and  heating  gradually.  CI,  Br,  and  I.  in  inorganic 
compounds,  are  determined  by  heating  with  pure  CaO  in  a  com- 
bustion tube.  The  resulting  «alt  is  dissolved  in  dijute  HNOa, 
AgNO^  added,  the  ppt.  collected,  washed,  dried,  and  weighed. 
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FIKDIHO  THE  MOLECVLAK  WEIGHT. 

The  molecular  weight  of  a  compound  is  twice  its  vapor- 
density,  hence  the  determination  of  the  latter  and  of  the  per- 
centage of  each  element  in  the  compoimd  furnish  data  from 
which  the  empiric  formula  is  reckoned,  as  heretofore  described. 
The  Victor  Meyer  vapor-density  apparatus  consists  of  (1)  a 
large  glass  tube  with  a  bulb  at  the  bottom  containing  water 
or  some  other  fluid  whose  b.p.  is  constant.  The  stopper  of  this 
tube  is  perforated  and  fitted  with  another  smaller  tube  (2)  with 
a  cork  at  its  upper  end,  in  which  is  held  by  a  wire  support  the 
little  glass  vial  holding  the  liquid  substance  to  be  tested,  and 
which  has  been  carefully  weighed.  This  inner  tube  is  provided 
with  a  side  delivery  tube  (3)  to  allow  the  escape  of  heated  air, 
the  open  end  of  this  branch  tube  being  kept  in  a  cup  (4)  under 
water,  until  the  bubbles  of  air  driven  out  by  the  boiling  liquid 
in  the  bulb  cease  to  appear.  At  this  point  the  vial  is  let  fall, 
and  as  the  liquid  boils  in  the  bulb  the  resulting  vapor  from  the 
added  substance  drives  out  through  the  delivery  tube  an  equal 
volume  of  air,  which  is  collected  in  the  graduated  tube  (5),  or 
eudiometer,  previously  filled  with  water  and  placed  over  the 
open  end  of  the  delivery  tube.  The  vapor  density  is  deter- 
mined from  the  vapor  volume  (due  allowance  being  made  for 
the  temperature  of  formation,  namely:  that  of  the  liquid  in 
the  outer  tube)  by  dividing  the  weight  of  the  substance  taken 
(usually  not  more  than  0.1  gram)  by  the  weight  of  a  volume  of 
H  equal  to  the  volume  of  air  collected  in  the  eudiometer.  A 
general  formula  for  calculating  vapor  density  according  to  this 
method  is  as  follows : — 

■^  TX(B_.w)X0.001«l 

in  which  D  stands  for  density,  8  for  weight  of  substance,  t  for 
temperature,  F  for  volume  of  air  displaced,  B  for  barometric 
reading,  and  w  for  water-vapor  tension  at  the  temperature  of 
the  observation.  As  air  is  14.435  times  as  heavy  as  H,  the 
value  of  D  obtained  in  the  above  formula  must  bis  multiplied 
by  this  factor. 

Another  method  of  determining  the  molecular  weight  of 
organic  substances  is  by  dividing  the  constant  of  f.p.  depression 
in  solvents  (19  for  water)  by  the  actual  lowering  of  this  point 
in  a  given  solution  of  a  certain  strength,  calculated  to  1  per 
cent,  of  the  solvent.  The  process  depends  upon  the  law  of 
Baoidt:  Solutions  containing,  in  equal  volumes  of  a  solvent, 
quantities  of  dissolved  substances  proportional  to  their  molec- 
ular weights  have  the  same  f.p. 

ANALYSIS  OF  AXALOAX  ALLOYS. 

The  qualitative  tests  are  readily  effected  by  treating  the 
alloy  with  HNOs   (1.20),  which  dissolves  out  all  the  metals 
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except  Sn  and  Sb  (oxidized)  and  Au  and  Pt.  Sb  and  So  are 
removed  from  the  residue  by  hot  strong  HCl,  and  tlien  the  Au 
and  Pt  may  be  taken  up  with  aqua  regia.  The  acid  solutions 
should  be  evaporated  to  dryness  at  a  moderate  heat  and  the 
nitrates  or  chlorida  taken  up  with  water,  filtered,  and  analyzed 
in  the  ordinary  way. 


ns.  K. 


Hearer  Apparatu*. 


The  quantitative  analysis  embraces  the  following  steps: — 

1.  Boil  with  HNO3  in  a  beaker  to  dissolve  Cu  (may  be 
green  or  blue),  Ag.  Zn,  and  Cd,  hut  not  Au,  Pt,  Sb,  or  Sn 
(whitish  ppt.  if  alone;  colored  light  to  deep  purple  if  Au  pres- 
ent, dirty  black  if  Pt  or  Pt  and  Au),  ijvaponite  to  dryness 
over  water-bath,  add  distilled  water,  stir  welt,  and  filter. 

2,  Throw  down  Ag  with  HCl,  reduce  to  a  button  of  the 
metal,  and  weigh.    Filter, 

3.  Add  10  per  cent.  NH4OH  to  ppt.  Cu  (blue)  if  present, 
and  filter. 

4,  HaS  gives  a  blaek  (Cu)  or  yellow  (Cd)  ppt.;  a  hrown- 
ieh-yellow  color  meana  that  not  all  the  silver  haa  been  pptd. 


6.  Boil  filtrate  of  No.  4  down  nearly  to  drynesB  (to  expel 
HgS),  dilute,  and  neutralize  with  NagCOy.    A  white  ppt  =  Zn. 

6.  To  estimate  Sn  ignite  the  residue  thoroughly ;  then  cool 
and  weigh.  The  resulting  Sn02  multiplied  by  o.iss  gives  thu 
actual  weight  of  Sn.  If  Au  is  also  present,  the  Sn  is  calculated 
by  difference  after  finding  the  weight  of  the  gold. 

7.  Au  and  Pt  are  aisBolved  by  aqua  regia.  The  Ft  may 
be  pptd.  by  treating  the  aqueous  solution,  after  evaporating  the 
acid,  with  NH4CI  and  alcohol;  the  ppt.  is  heated  and  weighed. 
The  gold  is  then  pptd.  with  FeS04  or  H2C204,  heated  to  redness 
and  weighed. 

8.  Hg  ia  easily  determined  by  weighing,  heating  to  redness, 
and  weighing  again;  the  difference  represents  thin  metal,  the 
vapors  of  which  discolor  amnionio-silver  nitrate  on  filter-paper. 


BEFINIIfG   OF  COLS. 

Dry  Method. — Heat  a  clean  clay  crucible  (not  exceeding 
ZYi  X  2  inches)  to  redness  in  the  furnace,  place  in  tlie  gold,  add 
a  few  crystals  of  saltpeter,  replace  the  furnace-cover,  and  melt 
the  gold  quickly.  Clean  and  oil  an  ingot  mold,  keep  it  warm 
while  the  gold  is  melting,  and  pour  the  metal  into  it  by  means 
of  tongs.  Then  remove  the  ingot,  wash  it,  and  anneal  it  to  a 
cherry-red;  plunge  into  dilute  HaSO^,  wash,  dry,  roll,  and  re- 
anneal.  If  the  ingot  cracks,  transfer  it  again  to  the  crucible 
and  heat  as  high  as  possible  until  molten,  add  some  more  crystals 
of  saltpeter,  turning  the  crucible  so  as  to  mix  well,  continue 
roasting  for  some  time,  and  pour  again  into  the  mold.  All  the 
baser  metals  except  Sn  and  Pb  are  oxidized  by  KNO.^,  and  these 
are  readily  chloridized  by  heating  with  HgCU-  If  Ag  is  present, 
add  SbaSg  to  furnish  8  to  combine  with  it.  An  assay  ton  (A,  T.) 
la  29.166  grams.  Tt8  ratio  to  a  ton  is  the  same  as  that  of  1  mg. 
to  1  ounce  troy.  Hence,  every  mg.  obtained  from  one  A.  T.  of 
ore  represents  one  ounce  troy  of  metal  per  ton  of  ore. 

Wet  Kethod. — Dissolve  iu  aqua  regia — 31/2  oz.  for  each 
ounce  of  gold — (which  ppts.  AgCl),  let  settle,  siphon  solution 
carefully  into  an  evaporating  dish,  heat  to  evaporate,  and  repeat 
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siphonaffe  and  heating  until  residue  of  AgCl  ceases  to  form. 
Then  add  gradually  to  this  a  clear^  filtered  solution  of  FeS04 
(5  parts  for  1  of  gold).  Au  is  thrown  down  as  a  brown  powder. 
Let  settle^  filter^  and  wash ;  digest  deposit  in  dilute  HCl  (to  free 
from  traces  of  iron)^  filter  again^  wash  well^  and  melt  powder  to  a 
button  in  furnace.  A  solution  of  AuCla  warmed  with  an  alka- 
line solution  of  H2O2  is  at  once  reduced  to  metallic  gold.  Ab- 
solutely pure  gold  can  be  obtained  only  by  the  wet  method,  and 
if  Pt  is  present  this  method  must  be  employed. 


8OHBMB   FOR    DlFFBRBNTIATION   OF   FaT8    (AuSTIn). 

Aoid  Neutral  or  Alkaline 


Ppt.  with  alcoholic 

Bolutioii  of 

Pb(C,H,0,), 

Fine  microBCopic 

needles 


Fatty  acida 


Give  acrolein  action 
Neutral  fats  (Sudan  III, 

deep  red) 
Glycerin  (amorphous  resi- 
due) 


No  acrolein  reaction 
Soaps 

Ppt.  with  alcoholic 
Pb(C,HaO,),  solu- 
tion 


In  case  of  mixture  of  all  four: — 
Shake  with  ether  from  watery  emulsion 


Watery  solution 


Ethereal  solution 


Soaps 
Glycerin 


Add  CaCl, 


Ppts.  Ca 
soaps 


Fatty  acids 
Neutral  fats 


Remove  ether 
Extract  with  warm 

soda  solution 
Shake  with  ether 


Solution  may  con- 
tain glycerin 


Soda  solution 


Ethereal  solution 


Fatty  acids  as 
soaps 


Neutral  fats 
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338  ANALYSIS. 


aiTESTIOHS  OH  ANALYTIC  CHEIQSTRY. 

w    1.  Which  is  the  more  delicate  test  reagent  for  Pb,  HCl  or  H2S7 

2.  What  is  the  black  ppt.  formed  when  NH4OH  is  added  to  a  mer- 
curous  solution? 

3.  What  is  the  gray  ppt.  obtained  by  boiling  HgCl2  with  a  stan- 
nous solution? 

4.  Why  cannot  H2S  be  employed  in  a  solution  containing  free 
HNO3?    How  separate  the  silver  from  the  copper  in  a  dime? 

5.  What  is  the  object  of  NH4CI  in  the  third  group  reagents? 

6.  How  can  one  obtain  Cu  from  a  solution  in  KCN? 

7.  What  is  the  formula  of  the  ppt.  obtained  by  adding  KCl  to  a 
Pt  solution? 

8.  Why  does  Ag2C03  turn  black  on  heating? 

9.  Explain  reddish-brown  change  of  color  on  treating  Prussian 
blue  with  alkalies.    How  do  acids  restore  the  blue  color? 

10.  Why  is  charcoal  used  for  reduction  tests? 

11.  What  weight  of  Ca(H0)2  in  10  c.c.  of  a  decinormal  solution  of 
this  compound? 

12.  Calculate  the  neutralizing  equivalent  of  potassium  acetate. 

13.  What  is  the  brownish  jppt.  obtained  by  heating  cocain  with 
dilute  H2SO4,  neutralizing  with  KHO  and  adding  FeCls? 

14.  Mention  five  analytic  distinctions  between  As  and  Sb. 
16.  How  much  CUSO4  does  48  gm.  of  pptd.  CuO  represent? 

16.  In  preparing  a  normal  acid  solution,  if  10  c.c.  of  normal  alkali 
neutralize  6.8  c.c.  of  the  dilute  acid,  what  percentage  of  water  must  be 
added  to  the  latter  to  complete  the  preparation? 

17.  How  many  c.c.  approximately  of  concentrated  H2SO4  and  HCl 
are  required  to  make  a  normal  solution  of  each? 

18.  How  much  KC2H3O2  (burned  to  K2CO3)  is  present  in  a  solu- 
tion which  requires  l£i,c.c.  of  decinormal  HCl  solution  to  decolorize  the 
phenolphthalein  ? 

19.  Calculate  the  decinormal  equivalence  in  oxidimetry  of  sodium 
nitrite. 

20.  How  much  0  does  K2Cr207  give  off  in  oxidizing  other  sub- 
stances in  presence  of  H2SO4?  Calculate  the  number  of  grams  per  liter 
of  the  dichromate  in  a  normal  solution. 

21.  One  gram  of  a  proteid  substance  yields  as  much  N  as  will 
diminish  the  acidity  of  normal  HCl  from  12  to  8  c.c.  of  normal  alkali. 
Find  percentage  of  N  in  the  compound. 

22.  Show  by  equation  of  formulas  and  molecular  weights  why  one- 
half  the  gram-molecular  weight  of  H2SO4  should  be  taken  in  making  a 
normal  solution  of  this  acid. 

23.  What  part  of  the  flame  is  best  for  cleaning  the  Pt  wire? 

24.  How  can  one  prepare  black,  reddish,  gray,  green,  yellow,  and 
white  specimens  containing  As  for  medico- legal  purposes? 

25.  Explain  the  darkening  on  boiling  of  a  Cu  solution  to  which 
KHO  has  been  added. 

26.  Explain  object  of  each  step  in  Liebig's  test  for  HCX. 

27.  A  slip  of  filter-paper,  moisitened  with  a  drop  each  of  KsFeCye 
and  FeCls,  shows  a  blue  spot  on  adding  a  drop  of  a  cocain  solution. 
Explain. 

28.  Explain  changes  in  rotatory  power  on  polarized  light,  produced 
by  heating  various  sugars  in  solution  with  dilute  acids. 

29.  One-tenth  gm.  alcohol  yields  with  the  Victor  Meyer  density 
apparatus  48.5  c.c.  of  air  in  the  eudiometer,  after  making  corrections  for 
temperature  and  pressure.    Calculate  the  molecular  weight  of  the  alcohol. 

30.  A  10  per  cent,  aqueous  solution  of  dextrose  freezes  at  about 
— 1.06^,  and  ultimate  analysis  of  dextrose  shows  2  parts  of  H  to  1  each 
of  C  and  O.    Calculate  from  these  data  the  formula  of  dextrose. 
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I   As^Og   and 


morpliin 


1  solution  from  halog^D 
r  Ag  from  a.  teat'tubeF 
"strike  back"  T 


.  Write   equation   for   rt!Cu.'t[on   between    BOlution   c 

o-copper  sulphate,  forming  green  ppt.  Qf  CUHASO3. 

Give  reasons   for  ateps  in   the   U.   S.   P.  method  of  asBny  for 

in  opium.     These  steps  consist  essentially  in  extraction  with 

Tul  the  addition  in  order  of  alcohol,  ether  and  ammonia- water. 

33.  How  can  Ug  be  tested  for  in  the  original  solution  in  the 
presence  of  other  aubataneefil 

34.  Bow   could  you   separate   sulphatfis  i 
salts  or  phosphates,  borates  or  arsenatesT 

35.  How  could  you  remove  a  stain  of  Cu  c 
One  of  grease  or  animal  matter? 

36.  What  may  cause  the  Bunnen  burner  tc 

37.  How  determine  the  presence  of  borax  accompanying  sulpbiteit 

38.  A  certain  white  sublimate  00  heating  with  Na2^3  turns  red; 
what  is  itT    Explain  color  change. 

39.  How  may  the  illuminating  gns  in  the  Bunsen  give  rise  U> 
error  in  the  hepar  testi 

40.  In  a  second  group  solution,  HjS  gives  a  yellow  ppt.;  what 
elements  are  absenti 

41.  Give    two    ways    of    distinguishing   mereurous    and    mercuric 

42.  When  pptg.  AgNOg  with  arsenic  acid,  why  is  it  necessary  to 
add  a  baM^! 

43.  When  the  ppt.  of  acid  eulphids  obtained  with  HCl  is  colored 
browji,  what  element  is  probably  present? 

44.  If  in  the  second  group  pptn.  with  HjS  a  red  ppt.  is  formed, 
which  finally  turns  black,  what  element  would  you  expect  to  find? 

45.  When  KOH  is  added  in  excess  to  a  solution  of  the  second 
group  metals,  what  metals  are  pptd.I 

46.  A  white  ppt.  in  a  semnd  group  mixture  may  be  what!  A 
gray  ppt*     A  green  pptt 

47.  Wby  must  the  serond  group  ppt.  be  acid  before  pptg.  with 
H2ST 

4S.  Why  is  the  yellow,  not  the  colorless,  ammonium  sulphid  used 
in  the  separation  of  the  acid  sulphidsT 

49.  Give  Iwo  ways  to  distinguish  ferric  from  ferrous  salts. 

50.  A  solution  containing  one  element  gives  a  red  flame  teit. 
How  can  you  determine  in  one  operation  whether  it  is  Sr  or  Li  r 

51.  Why  is  it  that  Sr  i»  tented  (or  by  CaSOj  and  not  by  HiSOjr 

52.  If  to  a  solution  containing  ferrous  and  ferric  iron  KCN  is 
added,  what  is  the  result? 

53.  A  solution  known  to  contain  but  one  metal  gives  a  black  ppt. 
with   j\"H«JaS,  soluble  in  dilute  HCl.     What  is  the  metal? 

64.  The  saltA  of  which  acids  give  off  gases  when  diluted  with 
dilute  HgSO^t 

65.  A  solution  to  be  tested  for  aclda  gives  a  white  ppt.  with 
BaClj  and  with  Pb|C3H;,02}i,  a  yellow  ppt  with  AgNOj;  both  ppts. 
being  soluble  in  acid«.     What  acids  wotild  you  expect  to  be  present? 

66.  How  test  for  potassium  terro<7nnid  in  the  presence  of 
potassium  lerricyanid! 

57.  A  solution  treated  with  H^SO^  gives  olT  a  gas  which  colors  KI 
starch  paper  blue?    What  ai'ids  may  be  present? 

58.  If  a  solution  on  treatment  with  strong  HNO3  turns  milky, 
what  Bcid  ions  may  be  present? 

59.  What   aMd   ion    is   indicated   when   a   solution   yields   a   dirty 
'    green  ppt.  with   (NH^laS! 


INCOMPATIBILITY^ 


OENEBAL  BTTLES  OF  IHCOMFATIBILITY. 

Two  or  more  substances  may  be  unsuitable  for  combina- 
tion, because  of  physic  disassociation  or  immiscibility,  chemic 
decomposition,  or  therapeutic  antagonism.  Only  physic,  or 
pharmaceutic,  and  chemic  incompatibilities  will  be  considered 
here.  Chemic  changes  in  solution  without  precipitation  or  gas- 
formation  are  not  usually  classed  under  incompatibility. 

The  solvent  power  of  water,  alcohol,  or  ether  for  particular 
substances  diminishes  in  proportion  to  the  amount  of  the  other 
added.  Thus,  camphor  is  insoluble  in  water,  and  if  water  is 
added  to  spirit  of  camphor  the  stearopten  is  pptd.  more  or  less 
according  to  the  amount  of  water  added.  The  quantity  of  alco- 
hol is  not  decreased,  but  its  solvent  power  for  the  camphor  is 
diminished  by  adding  another  liquid  in  which  the  camphor  is 
insoluble. 

In  accordance  with  this  general  rule,  alcoholic  (resinous) 
tinctures  and  fluid  extracts  are  incompatible  with  aqueous 
preparations ;  and  tinctures  made  with  alcohol  with  those  made 
with  dilute  alcohol  (gum  resins).  Infusions  generally  are  in- 
compatible with  metallic  salts,  and  immiscible  with  alcoholic 
tinctures  and  preparations  containing  resinous  or  oily  matters. 
Very  soluble  salts  throw  volatile  oils  out  of  solution  from  aro- 
matic waters;  water  and  saline  solutions  separate  them  from 
alcoholic  solutions.  Glycerin  is  not  a  solvent  for  oils.  The 
scale  salts  of  iron  when  powdered  form  a  sticky  mass  but  slowly 
soluble  in  hot  water. 

When  mixing  resinous  tinctures  or  fluid  extracts  with 
water,  add  to  the  cold  water  slowly  in  a  fine  stream.  Use  one- 
half  or  twice  as  much  water  with  alcoholic  solutions,  according 
as  precipitation  of  the  substance  depends  on  its  insolubility  in 
water  or  alcohol,  and  change  dose  accordingly.  In  cases  where 
solution  cannot  be  secured  or  maintained,  emulsifv  with  acacia 
(make  a  dilute  mucilage  and  add  alcoholic  fluid  gradually), 
tragacanth  (add  tincture  or  fluid  extract  directly  to  powdered 
drug,  shake  and  add  20  times  as  much  water  as  gum,  and  shake 
vigorously),  syrup  (for  light  bodies),  or  glycerin  (fluid  extracts).  , 

The  two  laws  of  BcrthoUet  comprise  the  essential  facts  of 
all  chemic  incompatibility.  The  first  law  ia  as  follows:  When 
two  or  more  substances  are  brought  together  in  solution,  if  by 
any  rearrangement  of  atoms  a  new  substance  can  be  formed 
which  is  insoluble  in  the  liquid  present,  it  will  quickly  form  and 
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be  precipitated.  The  Eccond  law  is  like  unto  the  first,  except, 
that  volatile  compounda  are  formed  in  place  of  precipitates;  as 
when  any  carbonate  is  treated  with  an  acid,  CO™  is  evolved. 

Other  general  rules  of  chemic  incompatibility  are  the  fol- 
lowing: Substancee  are  incompatible  wilh  their  teate  and  anti- 
dotes. Acids  neutralize  bitses  und  basic  oxids,  forming  salts  and 
water.  Two  or  more  acids  or  two  or  more  bafe.'i  acting  on  each 
other  form  salts  of  all  the  components,  the  amount  of  each  salt 
depending  on  the  quantity  of  each  ingredient  and  their  relative 
aiEnity.  Stronger  acids  displace  weaker  ones  in  mineral  or 
alkaloidal  salts;  stronger  hydrates  and  carbonates  displace 
weaker  bases  and  alkaloids.  Organic  substances  are  insoluble  in 
the  fluids  by  which  they  are  pptd.  from  aolution. 

It  will  be  noticed  that  a  thorough  knowledge  of  incom- 
patibilities must  be  based  upon  the  solubilities  of  drugs,  espe- 
cially in  water,  and  the  appended  table  should  be  nf  service  for 
reference  in  this  connection.     (See  next  page.) 

SUMMAaY  OF  SOLUBILITIES  OF  MEDICINAL  SALTS. 

Solnble  in  Water.  —  Pr,ictic:illy  all  medicinal  acetates, 
benzoates,  b i carbon jites,  bromate'^,  hromide,  eiiLrida  (except 
calomel),  citrates,  cyanids,  hypochlorites,  iodates,  lactates,  ni- 
trates, nitrites,  Bulphites,  tartrates,  thiosulphates,  solid  acids, 
gums,  mucilages,  starches,  sugars,  and  alhurainous  bodies. 

Soluble  in  Silnte  Acids  (Iniolable  in  Water). — In  general, 
the  phosphates,  carbonates,  arsenates,  areenitw,  and  enlphids 
of  all  except  alkali  metals;  oxids  and  hydroxids  of  all  except 
the  alkalies  and  alkaline  earths  and  arsenic;  iodtd  of  arsenic, 
antimony,  copper,  bismuth,  mereurv,  Bilver,  lead;  oiysalta  of 
bismuth  and  antimony:  and  swlphates  of  lead  and  of  the  alka- 
line earths  (BaSO.i  quite  insoluble).  Acids  often  cause  no  in- 
compatible reaction,  while  the  corresponding  salt  does. 

Soluble  in  Alcohol. ^Most  organic  bodies  except  carbo- 
hydrates, namely:  alkaloids,  glueosids.  volatile  oils,  castor-oil, 
resins,  camphors,  balsams ;  Hgl2.  HgCla;  benzoic,  salicylic,  and 
valeric  acids;  most  medicinal  acetates,  henzoatcs,  nitrates, 
salicylates,  valerianales.  I,  and  halogen  salL*;  nearly  sU  other 
salts  are  insoluble  in  alcohol  except  those  which  are  deliquescent 
(efflorescing  salts  insoluble).  Dilute  alcohol  is  the  solvent  for 
gum  resins. 

Glycerin  is  an  excellent  solvent  for  alum,  b'ra\;  boric, 
gallic,  tannic,  and  carbolic  acids;  starch,  iodin,  creosote,  and 
many  metallic  salts  (PbO,  BiONOj,  etc.),  especially  deliques- 
cent ones. 

Fixed  oiU  dia=oIve  iodoform,  carbolic  acid,  stearoptene.  P. 
8;  turpentine  dissolves  fats,  fixed  oils.  S,  and  paints:  ether 
dissolves  fats,  fixed  oils,  and  oleore^ins;  chloroform  dissolves 
gutta-percha. 
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Primary  emalsions  are  made  with  1  part  of  acacia,  4  parts 
of  fixed  oil  (2  parts  of  volatile),  and  1  '/^  or  2  parts  of  water  or 
lime-water.  Tiiictura  (juillaije  is  particularly  useful  in  emul- 
Bions  containing  free  acids;   alkalies  for  copaiba. 

COUFOUm)  SOLVENTS  Ul  AQUEOUS  SOLUTION. 

(Solventa  for  bodiet  alightl^  aoluble  in  tcalerj 

Acetates    Benzoic    and    carbolic    acids,    succinates,    Pbl, 

PbO,  uid  *mmooiaW  mercury. 
Acid*     -Arsenous  aad  boric  acida,  quinin  sulphate,  pep- 

Bin  (BCI}r  pbosphatCB,  sulphates  and  carboii- 

abes  of  eartliy  and  alkaline  earthy  metals. 

Alcohol    Overromes  incompatibilities  of  alkaloids. 

Alkalies    HaAsOj,  lerricj-anids  and  ferrocyatiids.     KHC^- 

HfOa,  saccbariu  and  chrysarobiD. 
Ammonium  carbonate    .  .BiiO(OH)2CO;,,  calcium  salts,  NHoHgCI,  7,nO. 
Ammonium   chlorid    ....Magnesium     compounds,     CejICjOi,)^,      Pblj, 

HgCl>{    (prevents   formation  of  albuminate), 

and  ammoniat«d  mercury, 

AmmoniuiD  hydrate   BiCaHiOr  and  ZnCOj,. 

Borai    HjBOg,  HCjHbOs,  KHC.H^Ofl. 

Carbonic   acid    Carbonates  generally. 

Glycerin    ..    rnrholie    and    ara^nous    acids,    alkaloids    with 

LborsT^     keeps    fluid    extracts    from     pptg' 
thymol  in  water. 
Hydrogen  peroxid   Ti.i)^i  nnlli. 
Oxalic  acid Iron  salts. 
Potass,  cyanid   ,...,...  ..-Silver,  gold,  and  copper  salts. 
Potass,  iodid  l>nlin,  Hglj,  Agl. 
Sodium  citrate   llsllic  acid.  BaSO^,  phosphates,  pyrophosphates, 
hvpophosphites,  tartrates,  snccinnt^s;  ferrous 
salts;    Bi.   Pb,   Cu,  2n,   Mn,   Ni,  Co,   Cr.   Al 
salU. 
Sodium  phosphate Benzoic  acid  and  other  phonphntes. 
Sodium  sulphate   Benzoic  acid  and  sulphate  of  mercurr. 
Sugar  or  svrup Borax,   boric    acid,    Ca(HOli,    Fe(HO)a,    and 
FejOa. 
Tartaric  acid .  .Tartrates,  quinin  sulphate, 
pat 
pOD 
gen 
ens 
40 
pen 
iroi 
erg 
ace 


Precipitation  ia  Bomctimee  prevented  by  dissolving  incom- 
patible salts  eeparalely,  and  tlien  ini.\iDg,  or  by  the  use  of  com- 
potind  BolventB. 

Tannates  are  pret'cnt  in  vegetable  hitlers  and  a'^trin;>ei>ta 
general];,  except  quawia,  cniunibo,  chiretla,  and  gentian  (dark- 
ens with  Fe  bccauEe  of  contained  gentet^ic  fcid). 

Alkaloidal  precipitntes  are  p^e^e^trd  by  the  use  of  V>  to 
40  per  cent,  of  alcohol  in  Eohit'on. 

Hydrate  or  carbonate  of  iron  is  hi'ld  in  Bolution  or  bus- 
poision  by  citrates,  tartrates,  sugar  or  glycerin. 

Preparations  containing;  acids:  Official  vinegars;  citrate  of 
iron  and  quinin ;  e.\tract  of  colchicum;  fluid  extracts  of  coniiira, 
ergot,  nux  vomica,  and  sangiiinaria ;  infusinna  of  cinchona  and 
rose;  mixture  and  solution  of  ammonium  acetate;  poliition  of 
acetate  of  iron,  arsenous  acid  and  ferric  clilorid  and  nitrate; 
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syrups  of  citric  nnd  hydriodic  atida,  calcium  lactophcsphate, 
garlic,  hypophopphites,  ipecac,  lenmn,  and  Sfiuill;  tinclures  t>f 
ferric  chlorid,  camphomtL'd  opium,  and  sanguinaria, 

Preparation?  containing  alkalie*:  Eliiir  of  cascara;  fluid 
extracts  of  licorice  and  senega  (NH4OH);  Fowler's  solution; 
glvcerin  supposilorics;  ammonia  and  lime  liniments;  rhubarb 
and  soda  mixture:  compound  iron  mixture  and  pill;  Seidlitz 
powder;  aromatic  spirit  of  ammonia;  ammnniated  tinct.  vale- 
rian; syrups  of  rhubarb  (KjCOg),  iind  senega.  Pe  solutions 
are  incompatible  with  alkalies. 

OAS-FOBHATION:    EFFERVESCENCE,  EXPLOSION, 
COMBUSTION. 

Guard  against  explosions  by  using  considerable  water,  mix- 
ing slowly,  and  keeping  vessels  cool ;  also  by  keeping  bottles 
loosely  corked.  Never  rub  togetlier  in  a  mortar  oxidizing  and 
reducing  agents,  but  powder  each  ingredient  separately,  then 
transfer  to  a  sheet  of  clenn  paper  and  mix  with  a  xpattiln  or  by 
sifting,  avoiding  pressure.  -  The  substances  prints  in  italics 
are  best  prescribed  alone  or  in  their  proper  solvents : — 


OztDizma  AOENTs. 
BTomin,  bromatea. 
Chtorin.  chlorates,  hjfpochloriles. 
Chromic   acid,    okromatti,    dicljro- 
.    preaence   oE   mineral 


Rbddciko  Agents,  c 
BrSTIBLEB, 
Ammonium  aalta  and  W] 

Cyanide. 


acids). 
Ferric,  cupric,  and 


salta. 


fUtrolen,  nitrites  (tomelimei),  ni- 
tric and  tiitrolii/dtockioric  acids. 

Feroxida,  permanganates,  and  per- 
■ulphaUs  genero-llj. 


Ferrous,  mercurous,   and  atannoufl 

BaltB. 
Forma  Idehyd. 
Hydroquinone,   pyrogatlol,   hydrox- 

y  lam  in   hydrochlorute. 
Nitrites  (sometimes). 

Orgnniv  stthslanors  (alcohol,  char- 
coal, creosote,  ethers,  dry  ex- 
tracts, glycerin,  oils,  oxalates, 
pyroxylin,  sugars,  syrups,  tan- 
nins,  powdered   vegetable  drugs, 

Phosphonu  and  hypophosphite*. 
Sulphur,    rutphids,    hypoaulphilei, 

ter).  sulphites. 

Zinc  and  iron  in  powder. 

Experiment. — Illustrate  combustibilitv  snd  oxidation  by  mixing 
in  n  moHar  15  grains  of  KMnOi  with  a'Auidram  of  B^SO,.  Dip  a 
glass  rod  in  the  solution  and  touch  it  to  a  wisp  of  cotton,  previously 
sulurated  with  alcobol. 

A  Solution  containing  KCIO3  and  HCl  is  liable  to  explode 
atrO'F.:— 

SKClOs  +  iHCl  =  2KC1  4-  CI2O4  +  Cls  -f  2H2O 
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Nitric  acid  is  an  oxidizer : — 

2HNO3  =  H2O  +  2N0  +  30 

It  may  even  set  sawdust  on  fire. 

Nitrous  ether  is  incompatible  with  iodids  and  acids  or 
acid  salts: — 

C2H6NO2  +  KI  +  KHC4H40(5  = 
C2H5OH  +  K2C4H4O6  +  I  +  NO 
A  mixture  of  phenol  and  nitric  acid  is  explosive. 

POISONOUS  SEACTIONS. 

Chlorates  with  iodids,  forming  iodate  or  liberating  free 
caustic  I.     A  little  ammonia  prevents  this  pptn.  for  a  time. 

Tincture  of  iron  with  KI  is  reduced  to  ferrous  state,  and 
free  I  is  liberated.  It  is  also  reduced  by  bromids,  with  libera- 
tion of  Br. 

Nitrous  ether  (acid,  decomposed)  liberates  free  I  from 
iodids;  this  action  prevented  by  neutralizing  acid,  before  mix- 
ing, with  a  little  KHCO3. 

Chloral  hydrate  in  a  mixture  of  aqueous  and  alcoholic 
media  forms  an  alcoholate,  which  may  separate  and  float  on  the 
top,  especially  in  presence  of  soluble  salts. 

Dilute  HCN  or  KCN  with  calomel,  forming  bicyanid  of 
mercury. 

Mercurous  salts  with  bromids,  chlorids,  iodids,  or  cyanids 
form  more  poisonous  double  mercuric  salts  and  metallic  Hg. 

Tincture  of  digitalis  with  aqueous  or  syrupy  solutions  un- 
dergoes spontaneous  decomposition,  with  precipitation  of  active 
principles. 

SPECIAL  INCOMPATIBILITIES. 

Strong  acids  form  ethers  from  alcohol. 

lodin  derivatives  give  up  their  I  with  alkalies,  oils,  silver 
salts,  and  organic  matter. 

Soaps  decomposed  by  acids,  alkaline  earths,  "and  mineral 
salts. 

Ichthyol  incompatible  with  acids,  iodids,  fixed  alkalies, 
HgCl2,  alkaloids,  and  strong  alcohol. 

Formalin  is  a  powerful  reducing  agent  on  metallic  salts, 
and  is  incompatible  with  ammonia  and  bisulphites. 

Antipyrin  incompatible  with  phenol,  alum,  HgCl,  HgCl2, 
sodium  salicylate,  beta-naphtol,  syrup  of  FeT2,  and  precipitants 
of  alkaloids. 

Salol  and  aspirin  are  incompatible  with  alkalies. 

Eedu^ing  agents  (cocain,  hypophosphites,  HCN,  tartar 
emetic)  change  ic  salts  to  ous,  and  sometimes  salts  to  metals. 

HoOo  is  incompatible  with  soda,  pota^sa,  ammonia^  chlorin- 
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water,  iodida,  ferric  chlorid,  phenol   (oxidized  to  pjTocntectiin 
and  hydroqiiinon ) ,  glycerin  (oxidized  to  glyceric  acid.  C3Ha04), 
osalic  and  tartaric  adds  and  potassium  permanganate : — 
SKllnOi  +  2H2O2  =  KaMnOi  +  MnOa  +  2H2O  +  2O2 

Potassium  permanganate  is  decomposed  (to  MnOn)  by 
hydraatis  and  other  fluid  extracts,  forming  a  dark  gelatinous 
mass.  Solutions  of  KMqO^  should  not  be  kept  in  contact  with 
cork  or  rubber  or  be  filtered  through  paper,  since  it  forms  brown 
hydrated  MnOj. 

Chloral  or  chloraJamid  decomposed  by  alkalies,  forming 
CHCI3  and  a  formate  of  the  alkali. 

Tartar  emetic  incompatible  with  tannin  and  antipyrin. 

Carbolic  acid  coagulates  collodion  and  decomposes  KMn04 
and  HoOj  (with  formation  of  MnOa  and  oxalic  acid). 

Mercuric  salts  coagulate  albumin  (soluble  in  excess  of 
albumin)  and  gelatin,  and  ppt.  tannin  and  alkaloids. 

Borax  forms  a  gelatinous  mass  with  acacia — liquefied  by 
adding  sugar. 

Glucosids  decomposed  into  glucose,  etc.,  by  free  acids  or 
emulsin. 

Pepsin  is  pptd.  by  many  metallic  salts. 

Pepsin  and  pancreatin  are  coagulated  by  strong  alcohol 
into  a  flocculent  rubber-like  mass.  Pepsin  is  decomposed  by 
alkalies  and  is  destroyed  by  pancreatin. 

Nitrous  ether  darkens  with  tannin  or  tannates,  liberates 
I  from  iodids,  and  is  broken  up  by  acids  and  alkalies,  liberating 
gases  very  freely.  It  gives  a  green  color  with  antipyrin  (pre- 
vented by  adding  an  alkali)  ;  a  yellow  or  red  with  acetanilid; 
a  brownish  color  with  salicylates.  It  tends  to  become  acid 
(nitrous)  on  standing. 

Compound  ethers  are  incompatible  with  alkalies,  forming 
alcohol  and  salts. 

lodin  or  AgaO  forms  a  very  ejcplosive  compound  with  am- 
monium hydrate  or  salts;   NHIo  explodes  when  dry. 

Tincture  of  I  is  decolorized  bv  tannin  or  NH^HO  (forms 
NHiI). 

Gallic  acid  gives  a  green  or  brown  coloration  with  hydrates 
or  carbonates,  blue  with  lime-water,  bluish  black  with  FeCIs. 

Strong  acids  decompose  ammonio-citrate  of  bismuth. 

Aqua  regia  (free  CI)  liberates  I  from  iodids. 

Bismulh  subnitrate  forms  a  red  compound  with  I  and  with 
salicylic  acid,  and  liberates  CO™  in  a  fluid  mixture  with  bicar- 
bonates. 

Ferric  chlorid  produces  a  violet  color  with  carbolic  and 
salicylic  acids  and  their  salts,  creosote  (quickly  fades  brown), 
phenol  radicals  (snlol,  anilin,  resorcin,  crcols.  guaiacol).  and 
oils  of  cloves,  bay,  and  pimenta;  red  color  with  acetates,  sulpho- 
cyanids,  antipyrin,  and  acacia;    flesh  color  with  benzoic  acid 
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and  benzoates;  green  with  guaiac,  aloin,  thallin;  blue-black 
with  gallic  acid ;  black  with  tannic  acid,  tannates,  and  gentian. 

Uva  ursi  (contains  diosphenol,  CioHie02)  gives  an  olive- 
green  color  with  FeCls. 

Apomorphin  is  incompatible  with  alkalies,  iodids,  FeCls, 
picric  and  tannic  acids  and  silver  salts. 

Codein  may  be  prescribed  with  alkalies,  since  the  pure  alka- 
loid is  soluble  in  water. 

All  reducing  agents  (FeS04)  ppt.  gold  from  its  solutions 
as  a  brick-red  powder. 

Alkaloidal  salts  form  insoluble  santalates  with  compound 
tincture  of  lavender. 

Eriodictyon,  used  in  masking  the  taste  of  bitter  substances, 
forms  insoluble  combinations  with  quinin. 

UQITEFACTION  ON  TBITUEATION. 

(Suhatancea  generally  inaoluhle  in  water,) 

Antipyrin  with  chloral,  sodium  salicylate,  resorcin,  or 
euphorin. 

Sodium  salicylate  with  acetanilid,  exalgin,  antipyrin,  etc. 

Chloral  with  camphor,  menthol,  phenol,  or  thymol. 

Camphor  with  beta-naphtol,  butyl  chloral,  menthol,  phenol, 
thymol,  and  resorcin. 

Butyl  chloral  with  camphor,  menthol,  phenol,  or  thymol. 

Thymol  with  chloral,  menthol,  or  phenol. 

Exalgin  with  salicylic  acid. 

Waxed  papers  should  be  used  for  hygroscopic  powders. 

CHEHIC  DECOMPOSITION  ON  TBITUEATION. 

Commercial  KCIO3  may  explode  singly  under  sharp  con- 
tusion. 

Hypophosphites  triturated  alone  may  decompose^  forming 
H3P  with  explosion. 

lodol  rubbed  with  yellow  HgO  explodes. 

Potassium  chlorate  may  explode  when  rubbed  with  S,  tan- 
nin, or  picric  acid. 

Potassium  nitrate  is  explosive  when  triturated  with  S  and 
dry  K2CO3;  KMn04  with  picric  acid  and  tannin;  K2Cr207 
with  tannic  and  picric  acids. 

Oxid  of  silver  should  not  be  rubbed  with  dry  organic  sub- 
stances. 

Mercurous  salts  are  generally  reduced  to  metallic  Hg  and 
mercuric  salts  when  rubbed  with  other  salts.  This  poisonous 
change  may  be  prevented  by  moistening  with  a  little  alcohol, 
water,  or  oil  before  rubbing : — 

2HgCl  -f  2KBr  =  HgBr2,2KCl  (very  poisonous)  -f  Hg 
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Calomel   and  ammonium  carbonate  rubbed  together  turn 
black,  owing  to  formation  of  HgaO  and  NH2Hg2Cl, 


^M  blac 

^K  INCOHFATIBIIITIES  OF  WATEB, 

^^H  Bismuth  nitrate  forms  insoluble  basic  nitrate. 

^^P  Water  ppts,  SbClj  as  SbOCl.     It  decomposes  sulphids  of 

^H  metals,  setting  free  H^S. 

^H  Subacetate  of  lead  carbonatijs  and  forms  a  cloudy  mixture 

^H  with  water  which  baa  stood  in  contact  with' the  air. 

^H  Mercuric  salts  and  HgNOg  are  decomposed  (except  HgClg), 

^H  requiring  KI  or  free  acids  to  effect  solution. 

^H  Tincture  of  iodin  liberates  the  element  1  on  diluting  with 

^H  water  or  aqueous  solution?. 

^H  Sodium  peroxid  breaks  up  with  water  into  NaHO  and  02- 

^H  Bismuth  chlorid  (made  by  dissolving  Bi  salts  in  hot  aqua 

^H  regia)  poured  into  excess  of  water  gives  a  copious  white  ppt.  of 

^H  oxy  chlorid. 

^1 

■  HC 

H  prai 

■  byd 


IKTENTIONAL  INCOMPATIBrLITT. 

This  is  illustrated  by  black  and  yellow  wash  and  by  silver 
nitrate  and  acetate  of  lead  with  opium. 

Sodium  bicarbonate  is  frequently  prescribed  with  salicylic 
acid  in  order  to  get  fresh  sodium  salicylate.  To  make  CI  water, 
HCI  is  sometimes  added  directly  to  KCIO^. 

FBESCKIPTIONS. 

Prescribe  salts  and  acids  with  the  same  radical  whenever 

fracticable — ^as  tinct.  ferri  chloridi,  liq.  arsen.  cbloridi,  acidi 
ydrochlorici,  and  hydrarg.  chloridi  corros. 

The  following  named  substances  are  best  given  nlone  in 
simple  solution;  Chlorin- water,  citrate  of  iron  and  quinin,  di- 
lute hydrocyanic  or  nitrohydrochloric  acid,  iodin,  and  iodids; 
liquors  calcis,  ferri  nitratis,  potassie,  and  potassii  arsenitis ;  mor- 
phin  acetate  or  hydrochlorate;  potassium  acetate,  bromid,  or 
permanganate;  quinin  sulphate;  syrup  of  iodid  of  iron;  tannic 
and  gallic  acids;  tartar  emetic;  tinct.  ferri  cbloridi  and  guaiaci; 
zinc  acetate. 

The  following  combinations  have  been  known  to  explode: 
Potassium  chlorate  and  hypophospbites  in  water;  potassium 
chlorate,  tannin,  and  glycerin;  KMn04,  tincture  of  iron,  and 
glycerin;  HNOa,  HCI,  and  tinct,  nucis  vomica;  boras,  NaHCOg. 
glycerin,  and  HjO  (evolution  of  COj) ;  KMn04,  alcohol,  and 
water;  oil  of  amber  and  HNO3;  turpentine  and  HoSO^;  land 
Miirit  of  camphor;  CrOa  and  glycerin.  Mixtures  of  NHjCt  and 
KCIO3  have  exploded  violently  after  standing  awhile. 

Kaolin,  talcum,  fuller's  earth,  petroleum,  and  paraffin  are 
the  beet  excipients  for  pills  and  triturates  of  silver  salts  (coated 
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with  Tolu),  potassium  permanganate  and  dichromate.  Wheat 
flour  is  a  good  excipient  for  volatile  oils — along  with  syrup. 
When  it  is  desired  to  limit  the  action  of  pills  or  tablets  to  the 
intestinal  canal,  they  should  be  coated  with  keratin  (made  from 
goose-quill)  or  salol  or  glutoid  (gelatin  capsules  hardened  in 
formalin).  Double  gelatin  capsules  answer  about  the  same  pur- 
pose. Rice  starch  is  often  added  to  tablets  to  cause  them  to 
break  up  more  quickly  when  placed  in  water.  ' 

When  making  suppositories  in  hot  weather,  it  is  advanta- 
geous to  add  a  little  fixed  oil,  and  in  winter  5  per  cent  of 
petrolatum,  to  the  cacao  butter.  Cerates  are  prepared  by 
liquefying  the  greasy  base,  adding  the  medicinal  agent,  and  stir- 
ring the  mixture  (to  prevent  layering)  until  it  cools.  Paraffin 
is  an  excellent  base  for  stiffening  certain  ointments  and  cerates. 
The  addition  of  10  per  cent,  glycerin  to  solid  extracts  is  recom- 
mended to  preserve  a  pilular  consistency.  A  few  drops  of 
alcohol  or  ether  render  camphor  easily  pulverized. 

Various  inert  substances  are  used  to  give  an  attractive  col- 
oring to  pharmaceutic  preparations:  Carmine  or  cochineal  for 
red,  and  glycyrrhizin  for  brown,  are  suitable  for  alkaline  and 
neutral  solutions;  while  cudbear  (tinct.  persionis)  for  red,  and 
caramel  for  brown,  are  available  for  mixtures  with  an  acid  reac- 
tion. Comp.  tinct.  cardamom  contains  cochineal.  Comp.  tinct. 
cudbear  contains  caramel  as  well  as  cudbear,  and  so  gives  a 
brownish-red  hue.  A  pleasing  yellow  tint  is  imparted  to  either 
acid  or  alkaline  solutions  on  adding  1  per  cent,  or  less  of  tinct. 
hydrastis. 

To  improve  the  taste  of  medicinal  liquids,  SoUmann  recom- 
mends syrup  of  Tolu  or  aromatic  elixir;  for  salts,  peppermint 
water  or  citric  acid  (2  grains  per  ounce)  ;  for  emulsions,  comp. 
spt.  orange  (6  drops  per  ounce) ;  syrup  of  licorice  for  cough 
medicines,  and  elixir  of  gentian  to  give  a  pleasant  bitter  taste. 

ACTION  OF  AIB,  UOHT,  AND  ATMOSPHERIC  HEAT. 

Hygroscopic  and  Deliquesoent. 

(Not  to  be  prescribed  in  cachets.)  Efflobescent   Compounds. 

Acids:     Carbolic,  chromic,  citric.  Citric  (sometimes). 

Aluminum:     Chloride  hromid,  iodidy  ace-     Phosphate,  valerate, 
tate. 

Ammonium:     Chlorid,  hromid,  iodid^  ni- 
trate. 

Amylene :     Hvdrate. 

Antimony:     Chlorid.  Tartrate   (SbOK). 

Barium :  Acetate. 

Calcium:     Ohlorid,  hromid,  iodid,  osid,     Acetate, 
hypochlorite. 

Chloral:     Hydrate  and  butyl. 

Cinchonidin :  Sulphate. 

Cobalt:     Acetate,  chlorid,  nitrate.  Sulphate. 

Copper:     Chlorid,  nitrate.  Acetate,  sulphate. 

Gold:     Chlorid, 


AIR,  LIGHT.  AND  HEAT. 


KpFLORKSOEST   CoKPOtlKI 


Bulptuite. 
Sulphate. 


Tartrate  (KNtt ) ,  terroeyiinid. 


AcetAte.  nitraU. 
Sulphnle. 
Aci-tale,  sulphate. 


HroBOKopic  iwD  Dkliquescbnt. 

(Not  to  be  prescribed  in  cachets. ) 
Ferrous:      Chiorid,   bromid.   iodid,   phos- 

Ferric:     Ghlorid  and  acaU  oompouttda. 
Hyosf^amin :      Bydrochloralt,    tulphale. 
Lead: 

Lithium:     Chlorid,  bromid,  iodid,  salicyl- 
ate. 
Hagnesium:     Chlorid,  bromid,  iodid,  eft' 

Manganede:     CUorid,  bromid,  iodid,  ni- 

Physostigmin :     Suiplmte, 
Pilocarpio:      Hjdroclil  orate. 
Platinum:      Chlorid. 
PotaBHium:     Bolts  gentrally. 
Quinin ;       Bigtilphatt,    anlphatc,     hydro- 
chlorate,  hyclrolironiate. 
Sodium :   EypophasphitB,  hydrate,  haloids. 

Sparteiu :    Sulphate. 

Strontium:     Chlorid,  bromid.  iodid. 

Strychnin : 

Zinc;     Chlorid.  bromid,  iodid,  nitrate. 

Granular  elTcrvescing  and  exsiccated  salts,  pepsin,  eodein,  acid  phos- 
phates, glycerophosphates,  pipernEin,  lysidin,  dry  vegetable  extructs, 
and  in  general  products  desiccated  in  vaeuo.  Alketine  and  (erro- 
&lkaline  iodids  and  aristols  decompose  with  atmospheric  0  and 
atain  capauleB.  Changes  of  deliquescence  and  elBorescence  aeoea- 
aarily  anect  the  dosage  of  drugs.  Salts  are  more  deliquescent  in 
pondered  than   in  crystalline  form. 

Color-chants.  —  Carbolic  acid  turns  red  (just  as  good — 
color  removed  by  alcohol)  ;  resorcin,  pintiah,  yellow,  or  deep 
hrown  (especially  if  exposed  eyen  to  traces  of  alkalies);  apo- 
morphin  bydrochlorate,  greenish  (prevented  by  HCl) ;  nitric 
acid,  bromoform,  aconitin^  qninolin,  eantonin,  and  sodium  san- 
toninate,  ycllovish;  oinchonin  and  cinchonidin  salts  and  (piinin 
Ealta,  brownish;  permanganate  solutions,  decolorized.  All  Ag 
salts,  ferrous  salts  (from  preen  to  bluish  or  reddish  brown), 
ferric  scale  compounda,  iodoform,  HgO,  Hg(CN)2  and  ngl2, 
Hgl,  pyrogallol,  ajnip  of  garlic,  nnilin,  oleatee,  and  chrysa- 
robiu  darken  from  reduction  or  oxidation.  HCN  becomes  brown, 
then  black  (paracyanogeu)  (prevented  by  a  little  HCl).  Salicyl- 
ates darken  in  tlie  presence  of  the  sURhtest  trace  of  alkali.  Ace- 
tanilid  with  spirit  of  nitrous  ether  develops  slowly  a  yellow  or 
red  color.  Oemic  acid  blackens  in  contact  with  organic  matter. 
Sulphurated  potash  oxidizes  from  a  liver  color  to  green,  then 
yellow  (K2S03  +  K2S70<),  and  finally  dirty  white  (K^SO^ 
-l-KaSjO.i).  Syrup  of  HI  is  reduced  by  light,  liberating  free 
I,  with  brown  or  yellow  color  (specimen  unfit  to  use  if  it  tuma 
Btarch-paper  blue).  Atiueous  solutions  of  physoatigmin  readily 
decompose  and  turn  red,  and  the  alkaloid  should  not  be  exposed 
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to  the  air.  Adrenalin  Bolution  lums  pink,  then  red  and  brown. 
Liquid  plant  products  contiiining  chlorophy]  gradually  turn 
brown,  yellowish  brown,  or  ypllowish  red. 

Reduction. — Ammonium  salts;  synthetic  iodin  compounds 
(iodoform,  aristol,  europhen)  ;  ehinolin,  lead  acetate,  KCN; 
alkaline  bi-salts;  zinc  acetate,  iodid,  phosphid,  and  valerianate. 
Ferric  acetate,  clilorid,  and  nitrate  become  basic  and  insoluble. 

Ozidation.^ — -Hj-pophosphiteB,  nitrates,  sulphida,  sulphites, 
ferrous  salts,  pyrogailol,  tannin  solutions,  P  (spontaneous  i^i- 
tion),  aldehyds  (most  alcoholics  contain  traces),  all  tend  to 
darken,  especially  in  the  presence  of  alkalies.  Amy!  nitrite 
and  aqueous  solutions  of  chloral  become  acid.  Terebene  and 
terpen ea  become  resinous  and  acid.  FeSOi  becomes  coated 
with  a  brownish-yellow  crust  of  basic  ferric  sulphate.  Spirit 
of  nitrous  ether  liberates  free  nitrous  aeid  quickly  in  the  light. 
Oleic  acid  becomes  rancid.  Mucilage  of  acacia  turns  sour  and 
acid  on  standing,  unless  some  preservative  is  used. 

Ijabarraque's  solution  and  HjOs  mutually  reduce  each  other. 
Cantharides  ia  ver}'  liable  to  deteriorate.  The  alkaloids  of  aco- 
nite are  prone  to  decomposition  by  heat  and  by  reagents.  Ergot 
should  not  be  used  when  more  than  a  year  old.  Many  volatile 
oils  become  terebinth  in  ate  on  standing.  The  spontaneous  de- 
composition of  HgCl  into  HgCla,  that  sometimes  takes  place 
on  exposure  to  light  or  air.  can  be  detected  by  pouring  water 
over  the  powder  and  immersing  in  the  fluid  a  bright  strip  of 
copper  or  other  metal.  If  any  of  the  mercuric  salt  is  present  in 
solution,  the  metal  will  soon  become  tarnished. 

Carbonation.^ — Tjead  acetate,  lime,  bleaching  powder,  KCN, 
and  bicarbonates  generally. 

Eraporation.^ — -Camphor,  chloral,  menthol,  thymol,  volatile 
oils,  alcohols,  and  ethers. 

Spontaneous  combustion  usiiallv  occurs  in  compounds  con- 
taining, C,  0,  and  CI:  Creosote  and  Ag^O;  KMnO,  and  glyc- 
erin or  oxalic  acid. 

Precipitation. — Ilaskins  sfnfes  that  the  ppt.  in  liquor  po- 
tassii  arsenitis  is  due  to  the  red  aaunders  and  excess  of  alkali. 
The  ppt,  in  comp.  syrup  of  Iivpophosphites  consists  of  calcium 
citrate.  Organic  liquids,  such  as  fluid  extracts,  often  throw 
down  on  cold  nights  a  ppt.,  which  may  or  may  not  redissolve  on 
warming  and  shaking.  In  (he  latter  event  the  ppt.  represents 
the  insoluble  part  of  a  split-up  product  which  can  never  be  re- 
constructed. Sugar  crystallization  is  liable  to  occur  with  many 
plant  preparations  in  cold  weather.  A  spirit  made  with  absolute 
alcohol  keeps  better  than  samples  made  with  weaker  grades  of 
alcohol. 

Gelatinization.— Tinctures  of  kino,  red  gum  and  catechu,  in 
particular,  fend  to  platinize  on  standing,  and  so  become  worth- 
less.   SnCl4  gelatinizes  by  forming  the  hydroxid. 
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Odor  Changes. — If  pure  sugar  is  not  employed  in  preparing 
syrup  of  Tolii,  this  acquires  an  unpleasant  odor  from  splitting 
up  of  cinnamic  acid  and  formation  of  acelylene.  Old  tinctures 
made  with  dilute  alcohol  are  likely  to  have  a  stale  smell. 


PRACTICAL  EZSRCI5XS  OH  IHCOKPATIBILITTES. 


1.  B  Acidi  acet.  dil,,  3i};  apt.  ammon.  arom.,  3vj. 

S.  R  Argenti  nitratis,  gr.  x;  aquse  r08B,  Si< 

3.  H  Sodii    Balic,    gr.   xv;    ammonii    carb.,   gr.   v;    apt.    cetheria 
nitroai,  mxv;  apt.  chloroformi,  mx;  aquam,  ad  3j. 

4.  B  Tinct.  ferri  chloridi,  Siji  quin.  aulph.,Sj;  tinct.cini^honie,  Sij. 

5.  B  Hydrogen,  diox.,  3iv;  potsBsiJ  permong..  3j;  glycerin,  ad  Sj, 

6.  B  Potasaii   cbloratU,   3j;    tioct.   fetri   chloridi,  3iv;   glycerin, 
•d  Sij. 


9.   B  Hydrarg.  bichloridi,  (fr.  xx;  a- 

10.  B  Quin.  sulpli.,  3j;  acidi  sulph.  i 
RqUBin,  ad  Jiv. 

11.  B   Syrupi  scillie,  Ziv;   apt.  ammoii.  nrom.,  Iiv;  aquia,  Sj- 
13.  B  Zinci  Bulphatis,  gr.  ij;  liquoria  calcia,  Sj. 

13.  B  Liq.  potaasii  arsenitis,  3j;  bydrarg.  bichloridi,  gr.  aaj 
Btrych.  aulph..  gr.  Yt;  aquam,  ad  5ij- 

14.  B  Plumbi  acebitia,  3j:  eioci  aulphaUs,  gr.  xx;  alum,  sulph., 
3ji  aqiiiE,  Sj. 

1,1.   B   Acidi  cbromipi,  gr.  xxt;  gljcerini,  3iv. 

16.  B  Quin.  Bulph.,  Siia;  tjnct.  ferri  chloridi,  Slij;  ext.  glycyrrhlMi 
fl.,  Sj;  aquam,  ad  Jiv. 

IT.  B  Spt.  cninpborie,  Jsa;  apt.  chlorofonni,  Jas;  aqun  inenthn 
pip..  Sj. 

18.  B  Hydrarg.  chlor.  mitia,  3ij ;  ayr.  rhei,  aquc,  of  earhi  Siaa. 

19.  B  Tinct.  guaiaci,  Ziv,  aodii  Balieylatia,  Sij;  aquam  menthn 
viridis,  ad  Jij. 

20.  B  Spt.  menthc  pip.,  3ij-.  tinct  capsici.  Siv;   aquam,  ad  Jj. 

21.  B   Acidi  Ditrobydrocblorici,  Sir;   tinct.  cardam.  comp.,  Jiea. 

22.  B  Sodii  salic,  3ij;  acidi  hydrochlor.,  3j;  aquam  menths 
viridig,  ad  Jij. 

23.  B  Ammon.  carb.,  Sj;  ammon.  chloridi,  gr.  xxx;  ajrupi  acillB, 
3ji  ayrupi  ipecac,  Jj ;  sjrupi  prun.  Virg.,  Jij. 

24.  B  Tinct.  ferri  chloridi,  3ij;  acidi  earboiici,  3a5;  glycerin,  ad  3], 

25.  B  Collodii  Qcx.,  tinct.  iodi,  aqun  ammonlsr,  of  each.  3iv. 

26.  How  combine  tincture  or  fluid  extract  of  cannabis  Indica  with 
an  aqueoua  aolutionr 

27.  Explain  the  effervescence  of  spirit  of  nitroua  ether  with  buchu 

28.  Explain  effervescence   in  making  Dobell's  solution. 

26.  Why  ia  purified  tnic  preferred  to  calcium  phosphate  or  mng- 
ne»ia  alba  as  a  distributing  agent  for  the  preparation  of  aromatic 
waters  T 

30.  Under  what  circumabtncea  will  spirit  of  nitrous  ether  give  a 
brown  color  with  iodidaT 

31.  What  causes  the  effervescence  when  glycerin,  borax,  and  fluid 
extract  of  licorice  are  mixed  together! 

32.  If  a  ppt.  ensues  on  diasolTing  calcium  hypophosphite  in  dis- 
tilled water,  what  adulteration  ia  present! 
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33.  Why  does  quinin  sulphate  dissolve  readily  in  tincture  of  iron? 

34.  Why  does  oil  of  wintergreen  or  oil  of  sweet  birch   give  a 
deep  violet  color  with  ferric  salts  t 

35.  Why   should   syrup   of   senega   keep   better   than    the   other 
official  syrups  t 

36.  How  does  H8PO4  clear  up  the  dark  color  produced  by  adding 
tincture  of  iron  to  tincture  of  gentian  t 

37.  Why  should  decoctions  be  prepared  only  in  porcelain  vessels? 

38.  Why  does  a  mixture  of  potassium  citrate,  spirit  of  nitrous 
ether  and  water  separate  into  two  layers? 

30.  I(  lodoformi,  3j;  etheris  sulph.,  Sj;  hydrogen,  perox.,  Jij* 

40.  What  causes  the  slow  effervescence  when  bismuth  subnitrate 
is  put  with  a  carbonate  or  subcarbonate  in  aqueous  mixture? 

41.  Why  does  H3PO4  ppt.  a  solution  of  soluble  phosphate  of  iron 
(ferric  phosphate  and  sodium  citrate  in  double  compound)  ? 

42.  Why  does  a  mixture  of  soap  and  calomel  turn  dark  ? 

43.  How  does  H2O2  added  to  a  solution  of  hepar  sulphuris  render 
this  milky? 
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THE  AUt. 

Air  is  contaminated  by  respiration,  combustion,  fermenta- 
tion, putrefaction,  and  various  trade  and  manufacturing  proe- 
esses.  Tlie  CO2  in  the  air  should  not  exceed  6  parts  in  10,000 
when  of  respiratory  origin;  at  this  point  vitiation  is  noticeable 
to  the  sense  of  Bmell.  One  pound  of  coal  requirea  240  cubic 
feet  of  air  for  complete  combustion,  and  gives  off  3  pounds 
of  CO2.  One  cubic  foot  of  coal-gas  combines  with  5  to  8  cubic 
feet  of  air.  A  common  g.TS-bumer  consumes  about  4  cubic 
feet  of  air  hourly  and  furnishes  about  2  cubic  feet  of  CO2;  1300 
cubic  feet  of  fresh  air  is  sufBcient  for  every  cubic  foot  of  gas 
consumed.  The  vitiation  of  air  from  decomposing  organic  mat- 
ter increases  part  passji  with  the  amount  of  COo ;  lienee  the 
latter  is  a  measure  of  the  former. 

Experiment.— Test  the  COj  of  the  Btmosphere  quantitatively  with 
decinonnnl  oxtilic-acid  solution  and  I i me- water ;  elandurdize  100  c 
latter  with  former,  then  take  another  100  c.c.  of  the  Hme-water.  shake 
in  a  bottle  of  known  capacity,  and  titrate  again  with  the  decinornm 
solution.  The  difference  in  c.c.  between  the  two  titration  readings  = 
Ca(H01;  pptd.  as  CaCO.,.  This  difference  X  0.0037  =  weight  of  th 
hydrate  changed  to  carbonate;  and  this  product  X  *V;t  :=  weight  c 
Cbj  causing  the  change.  By  compiiring  the  weight  found  ot  COj  wit 
the  weight  of  the  ^ame  volume  of  air  (I.StI  gm.  ppr  litirl  the  actus 
proportion  of  the  gaa  is  determined.  Simply  Etated,  a  liter  of  indoor 
air  should  not  decolorize  (from  phenol phtha lei n ]  more  than  1.3 
saturated  lime-water  after  standing  several  liourn. 

Air  containing  an  e.\cess  of  CO2  is  detrimental  to  the 
health  more  from  the  coincident  diminution  of  0  and  the  con- 
comitance of  organic  matter  than  on  account  of  the  CO2  p^*"  se; 
as  much  as  10  per  cent,  has  been  borne  when  simply  added  to 
the  respired  air,  whereas  8  per  cent,  of  exhaled  CO2  causes  death 
in  a  few  minutes.  A  slight  excess  of  CO2  in  aieeping-rooms 
leads  to  morning  fatigue,  headache,  and  drowsiness.  Chronic 
COn  poisoning  leads  to  anemia  and  debility  and  predisposes  to 
infectious  diseases,  particularly  phthisis,  C02  is  greatly  in- 
creased in  ground-air;   0  is  diminished. 

The  proportion  of  water  in  indoor  air  varies  greatly  with 
local  conditions,  both  within  and  without  the  house.  Too  little 
moisture  causes  a  disngreenhle  drj-ness  of  the  throat  and  fauces; 
too  much  predisposes  to  rheumatism  and  other  diseases.  One 
pound  of  fresh  lime  left  in  a  room  for  twenty-four  hours  ought 
not  to  increase  more  than  1  per  cent,  in  weight  from  absorption 
of  water-vapor. 
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HygTometry. — ^The  percentage  of  moisture  in  the  air  relative 
to  the  dew-point  (Baturation)  is  estimated  from  the  difference 
between  dry-bulb  and  wet-bulb  thermometric  readings,  the  rela- 
tion for  different  temperatures  being  given  in  tables.  Other 
hygrometric  methods  are  by  means  of  the  hygrometer  (a  copper 
spiral  covered  with  prepared  egg-skin  or  gelatinized  or  albu- 
minized paper,  together  with  a  dial  of  percentages)  and  the  use 
of  cobalt  chlorid  papers,  which  turn  from  blue  to  red  with 
moisture. 

The  nioKt  important  impurities  of  the  atmosphere  include 
NH3  (from  stables,  vaults,  and  animal  exhalations)  ;  H2S,  NH4- 
HS,  and  CSj  (from  decomposition  of  substances  containing  S) ; 
SOg  and  mineral  acids,  especially  nitrous  and  nitric  (from  com- 
bustion and  electricity) ;  amins,  ptomaine,  and  leucomaina. 
H2SO3  in  the  atmosphere  may  make  the  rain  acid,  with  de- 
structive effect  on  mortar  and  soft  building-stone.  Sore  throat 
and  bronchitis  are  sometimes -cimaed  by  leaking  illuminating  gaa, 
BOot,  or  HjSOg.  Sewer  gaa  in  dilute  form  excites  local  irritation 
of  eyes,  nose  and  throat,  headache,  dullness,  vertigo,  and  languor. 

The  organic  matter  from  the  skin  and  lungs  consists  of 
epithelia,  fatty  debris,  and  volatile  fatty  acids.  These  putrefy 
very  quickly,  giving  rise  to  the  bad  smell  of  eloee  rooms,  and 
are  absorbed  by  water  and  hygroscopic  substances.  This  or- 
ganic matter,  reckoned  as  albuminoid  ammonia  (see  "Water"), 
should  not  exceed  0.08  mg.  per  cubic  meter. 

Biperiment. — Blow  through  a  glass  tube  into  Nesaler's  solution 
and  show  that  NHj  is  present  in  exhuled  air.  Nessler's  reagent  ii  made 
by  dissolving  35  gm.  of  KI  in  100  e.o.  of  B«0,  and  17  gm.  of  HgCIa  in 
300  R.e.  of  HjO;  add  first  solution  to  second  until  ppt.  at  first  formed 
nenrt;  rnlisBotves,  and  make  up  to  a  liter  with  20  per  cent.  NaHO.  The 
Holution  is  improved  by  keeping;  any  deposit  may  he  left  in  and  the 
clear  lluid  above  decanted  as  needed.  It  gives  a,  yellow  to  brown  color 
or  ppt,  with  free  ammonia. 

A  known  volume  of  air  may  be  sucked  by  an  aspirator  through 
a  specially  arranged  apparatus  containing  Hmmonia-free  distilled  water, 
and  the  liquid  then  analyzed  for  free  and  albuminoid  NE3,  like  a  water. 

There  is  always  in  poorly  ventilated  houses  a  considerable 
quantity  of  animal  and  vegetable  debris  floating  in  the  air,  along 
with  many  varieties  of  germs,  some  of  which  are  pathogenic. 

Kcperiment. — Prove  organic  matter  in  exhalations  by  blowing  into 
a  very  weak  solution  of  KM11O4  acidulated  with  HjSO^.  Tbe  somtioii 
is  decolorized. 

Aitken  has  found  that  condensation  of  aqueous  vapor  re- 
quires the  presence  of  dust  in  the  atmosphere.  By  means  of 
an  ingenious  mirror  apparatus  he  has  counted  the  number  of 
particles  of  dust  in  a  given  space  at  various  places  and  times. 
He  estimates  that  ordinary  still  outdoor  air  cont'iins  from 
1,000,000  to  5,000,000  particles  per  cubic  inch ;  that  of  living- 
rooms,  20,000,000  to  100,000,000.     The  amount  of  matter  bub- 
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penned  in  the  air  is  less  after  a  rain-  or  enow-Btorm  and  in  higher 
altitudes.  The  more  dust,  the  more  microbes  in  t]ie  air.  By 
the  time  the  air  readies  the  puhuonary  vesicles  it  is  usually 
sterile. 

SIoBt  infectioiiP  diseapes  are  propagated  by  the  passage  of 
genua  through  the  air;  hence  the  neceesitnT  of  isolating  and 
confining  patients  with  puch  disorders.  By  proper  ventilation 
deleterious  substances  in  the  air  of  rooms  are  greatly  diluted, 
and  the  health  of  the  occupants  conserved.  At  least  400  cubic 
feet  of  space  should  be  allowed  for  each  healthy  person  in  dormi- 
tories— two  or  three  times  as  much  for  the  eick. 

An  adult  individual  at  rest  (as  in  hospitals)  should  be  sup- 
plied with  3000  cubic  feet  of  fresh  air  per  hour: — 
3X0.4-1-0.6 

==0.6  CO,  per  1000,— the  limit  of  hcnith. 

3 

E  (amount  of  CO2  exhaled )  0.6 

DIdelivety)  = = —  3000 

r  ( retpiratory  jmptirity  per  eubic  fool)         0,0002 
cubic  feet  per  hour;  so  that  the  respiratory  impurity  may  not  exceed  0.2 
per  1000. 

The  vegetable  and  mineral  matters  inhaled  by  persons  fol- 
lowing certain  occupations — as  millerSj  bakers,  textile  work- 
ers, cutlers,  lapidists,  miners,  quarrymen,  stone-cutters,  and 
potters — tend  to  irritate  and  produce  disease  of  the  lungs,  espe- 
'  cially  emphysema,  fibroid  phthisis,  and  chronic  interstitial  pneu- 
llDonia  and  pneumonokonioses.  Poisoning  from  Pb,  Hg,  As, 
larass  may  take  place  through  the  air. 
The  eo-called  noxious  or  offensive  trades  are  those  of  boil- 
era  of  blood,  bones,  tripe,  or  soap ;  tallow-melters,  fellmongers, 
tanners,  gut-scrapers,  and  glue-makers.. 

Acute  mephitic  poisoning  from  open  foul  drains  and  cess- 

t  pools  is  characterized  by  sudden  severe  vomiting  and  purging, 

Biieadache,   acute  prostration,   and  sometimes  partial   asphyxia. 

F^he  long-continued  inhalation  of  sewer-gas  and  drain-air  pro- 

r  duces  gradual  loss  of  health,  with  anemia,  lassitude,  headache, 

conjunctivitis,   furuncles,  sore  throat,  diarrhea,   colic,  nervous 

depression  resembling  typhoid,  vomiting,  and  often  fever.    There 

may  be  sugar  in  the  urine. 

WATEE. 

Natural  waters  are  more  or  less  pure  according  to  their 
Bource  and  course.  For  convenience  they  may  be  classified  as 
potable  (drinkable)  and  mineral,  the  latter  being  unfit  for  ordi- 
nary use,  but  presumably  good  for  aick  people. 

Potable  water  includes  tliat  from  rain,  snow,  ice,  lakes, 
ponds,  rivers,  springs,  wells,  and  cisterns.  The  purest  natural 
water  is  that  from  snow  falling  on  mountains.  The  latter  part 
of  a  rain-fal!  or  snow-fall  is  purer  than  the  first  part,  as  many 
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impurities  are  by  this  time  washed  out  of  the  air.  Among  the 
most  common  of  these  contaminations  are  NaCl,  H2SO4,  HNO3., 
H2S,  SO2,  NH4  salts,  soot,  mineral  dust,  and  organic  matter. 
Rain-water  from  roofs  and  that  collected  in  large  cisterns  is 
notoriously  unfit  to  drink,  the  contained  organic  matter  \mder- 
going  putrefaction  in  a  few  days;  the  water  from  cisterns  may 
also  contain  Pb.  Na2S04  is  reduced  by  organic  matter  in  marshy 
waters  to  sulphid  (turns  Fe  in  mud  black),  which  reacts  with 
CO2  present  to  form  Na2C03.  The  humus  acids  in  surface 
waters,  generated  in  the  bodies  of  earthworms,  act  on  some  rocks. 

The  usual  source  of  hydrant-water  is  from  ponds,  lakes, 
and  rivers:  that  is,  surface-water.  It  is  very  important  that 
no  sewage  enters  the  stream  above  the  site  whence  the  supply 
is  drawn. 

The  relative  purity  of  ice-water  depends  on  its  source.  It 
is  always  purer  than  the  water  from  which  it  was  formed,  but 
may  still  contain  dangerous  germs  (typhoid,  cholera)  or  their 
spores  capable  of  originating  deadly  diseases.  The  flat  taste 
of  ice-water  is  due  to  the  expulsion  of  dissolved  gases  in  the 
process  of  freezing. 

Spring-water  and  well-water  are,  in  reality,  nothing  else 
than  filtered  rain-water  containing  an  excess  of  CO2  frequently, 
and  considerable  mineral  matter  which  the  CO2  aids  to  dissolve. 
The  sanitary  condition  of  such  waters  depends  on  the  depth  of 
the  excavation,  the  character  of  the  soil  and  underlying  strata, 
and  the  presence  or  absence  of  decaying  organic  matter  in  the 
area  of  drainage.  Shallow  wells  are  little  more  than  cess- 
pools when  placed  in  the  neighborhood  of  a  bam  or  privy-vault. 
They  drain,  it  is  said,  a  cone  of  earth,  the  base  of  which  has 
a  radius  equal  to  four  times  the  depth  of  the  well.  The  grossly 
polluted  waters  of  many  shallow  wells  are,  as  a  rule,  clear, 
sparkling,  and  palatable;  but  they  quickly  become  turbid  and 
putrid  when  kept  in  a  bottle  in  a  warm  place. 

Deep  wells  are  one  hundred  feet  or  more  in  depth,  or  orig- 
inate beneath  a  stratum  of  rock  or  impervious  clay.  These 
wells  are  safer  than  the  shallow  ones,  especially  if  cased  with 
metal,  since  the  deleterious  organic  matter  at  or  near  the  sur- 
face is  pretty  well  destroyed  by  the  time  it  filters  down  to  the 
source  of  the  well,  but  the  water  often  contains  an  excess  of 
mineral  matter. 

Artesian  fountains  are  best  of  all  wells,  because  the  im- 
pervious stratum  of  clay  that  covers  the  water  bed  prevents 
access  of  decaying  matter  from  the  surface.  Below  8  or  10  feet 
the  filtered  water  no  longer  supports  the  life  of  micro-organisms 
(Holland). 

Mineral  waters,  so  called,  are  characterized  by  containing 
an  unusual  ingredient  or  an  excessive  amount  of  some  ordinary 
constituent.  According  to  the  chemic  nature  of  such  ingre- 
dients, these  waters  are  designated  as  saline  (neutral  salts). 
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bitter  (MgSOi),  acid  (HCl  and  H2SO4),  alkaline  (carbonates 

and  bicarbonate),  chalybeate  (ferrous  sulphate,  chlorid,  or  car- 
bonate, held  in  solution  by  COo),  silicated  (siliceous  acid),  car- 
bonated or  efFervesceDt  (excess  of  CO2  with  bicarbonates), 
arsenical,  bromo-iodin,  alum,  borax,  and  sulphureted  (HgS  or 
alkaline  sulphids)  or  hepatic.  Waters  that  have  a  laxative 
effect  (MgS04,  NajSO*)  are  termed  aperient.  Earthy  mineral 
waters  contain  much  of  Ca  and  Mg  carbonates  and  sulphates. 
Uany  mineral  waters  belong  to  more  than  one  class.  When  the 
temperature  of  a  spring  is  above  20"  C.  it  is  called  a  thermal 
spring. 

Mineral  waters  are  highly  vaunted  by  persons  who  are  in- 
terested financially.  As  a  matter  of  fact,  these  waters  have 
little,  if  any,  more  value  than  water  per  ae.  The  strongest 
lithia-waters  contain  only  a  fraction  of  a  dose  in  each  gallon. 
In  the  case  of  the  more  common  salts,  their  action  is  often  neu- 
tralized and  one  danger  substituted  for  another  by  the  use  of 
these  waters,  owing  to  the  physiologic  incompatibility  of  the 
various  ingredients.  Their  ingestion  ad  libitum  is  particularly 
to  be  deprecated  in  organic  heart  disease. 

Whatever  good  effects  may  accrue  from  the  administration 
of  mineral  waters  must  be  ascribed  to  the  influence  of  sugges- 
tion, rest,  and  recreation,  change  of  scene,  and  the  action  of 
water  as  water.  It  is  far  more  rational  for  physicians  to  pre- 
scribe distilled  water  with  the  exact  amount  of  each  ingredient 
desired.  The  benefits  derived  in  kidney  and  systemic  diseases 
from  baths  at  hot  springs  depend,  not  on  any  particular  com- 
ponents of  the  water,  but  simply  on  the  diaphoretic  action  of 
moist  heat. 

Sea-water  contains  an  average  of  3^  per  cent,  of  min- 
erals, chiefly  NaCl  (2%  per  cent.),  MgClj,  MgSOi,  KCl,  and 
CaS04.  It  has  a  local  tonic  effect,  which  reacts  on  the  internal 
organs,  and  the  same  is  true  of  carbonated  baths. 

Water  for  drinking  purposes  should  conform  to  tlie  follow- 
ing conditions : — 

1.  It  should  be  colorless,  clear,  and  limpid.  Turbidity  may 
be  due  to  either  organic  or  inorganic  impurities.  A  green  col- 
oration (in  small  quantitief)  indicates  a  high  degree  of  vege- 
table contamination,  and  is  comparatively  harmless.  Algre  and 
other  micro-organisms  may  color  red  or  greenish  blue,  A  yel- 
low or  brown  color  may  depend  on  animal  matter  or  sewage, 
or  less  often  on  vegetable  debris  or  iron.  Dark-brown,  globular 
masses  usually  originate  in  sewage, 

S,  It  should  be  odorless.  Odors  may  be  brought  out  more 
distinctly  by  heating  the  water  in  a  flask  to  a  little  more  than 
blood-heat.    Foul  odors  usually  accompany  sewer-gas,  algte,  and 

futrefying  organic  matter.     An  odor  like  HjS  may  be  caused 
y  the  penetration  of  tree-roots,  and  is  sometimes  produced  by 
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reduction  of  sulphates  through  the  agency  of  pntrefactire  bac- 
teria (bacillus  sulphydrogenus). 

3.  It  should  be  of  agreeable  taste:  neither  flat,  ealty,  nor 
sweetish,  A  decided  taste  is  commonly  due  to  a  high  charge 
of  mineral  matter,  eapecially  iron  and  alkaline  carbonates. 

4.  The  most  wholesome  and  desirable  temperature  is  be- 
tween 4;>°  and  60°  F.  Warm  storage  water  is  apt  to  set  np 
summer  diarrhea  in  infants. 

5.  The  quantity  by  volume  of  dissolved  gases  should  be 
from  25  to  50  c.c.  per  liter  of  water.  These  gases  are  made  up 
chiefly  of  0  (1  per  cent,  volume),  K  (2  per  cent,  volume),  and 
CO2  (1  per  cent,  or  more  volume).  The  quantity  of  dissolved 
0  is  much  diminished  by  excess  of  animal  and  vegetable  matter, 
and  Ihis  diminution  (usually  in  still  waters)  is  often  accom- 
panied by  a  bad  smell  and  taste.  Boiling  water  drives  off  the 
contained  gases,  pving  rise  to  an  insipid  taste.  The  natural 
taste  can  be  restored  by  aerating ;  for  instance,  by  pouring  from 
one  vessel  to  another. 

6.  In  hardness— that  is,  dissolved  inorganic  solids — good 
drinking-water  should  not  exceed  40  grains  to  the  galloD. 
Dyspepsia  and  diarrhea  are  caused  by  too  much  sulphates  (above 
7°  or  8°)  or  by  sewage  (sometimes  choleraic).  It  has  long  been 
held  that  hard  waters  are  a  causative  factor  in  goiter.  The 
mineral  matter  of  hard  water  and  the  salt  of  brine  tend  to  draw 
the  juices  out  of  meats  and  vegetables,  and  thus  diminish  their 

-nutritive  value  and  palatability. 

7.  Water  fit  for  internal  use  obviously  should  contain  no 
pathogenic  germs,  as  of  tj-phoid,  cholera,  dysentery,  or  anthrax- 
Tliis  is  the  most  dangerous  contamination  to  which  drinking- 
water  is  subject.  Well-water  is  more  likely  to  cause  enteric 
fever  than  is  river-water,  where  saprophytic  organisms  destroy 
typhoid  germs.  Various  entozoal  diseases  may  also  originate 
in  the  drinking-water. 

Most  river-waters  contain  Micrococci  urete  and  butyric  acid 
bacilli.  Saprophytic  organisms  in  running  water  eventually  de- 
stroy typhoid  bacilli  and  other  pathogenic  germs.  The  water 
from  certain  wells  is  stated  to  produce  parenchymatous  goiter. 

FinillTCATIOIT. 

Various  methods  have  been  devised  for  purifying  drinking- 
water  for  public  and  private  consumption.  The  water-supply 
for  cities  is  best  clarified  by  allowing  it  to  settle  for  1  to  4  days 
in  storage  reservoirs,  when  it  is  drawn  off  onto  filter-beds  sct- 
eral  feet  in  thickness,  and  composed  mainly  of  coarse  sand  and 
layers  of  coke  or  crushed  stone  or  gravel  with  a  layer  an  inch 
deep  of  fine  sand  at  the  top.  This  layer  of  fine  sand  is  the  real 
filtering  ngcnt.  It  purifies  water  chiefly  by  condensation  of  0 
in  its  upper  surface  and  the  entanglement  of  bacteria  in  the 
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superficial  gelatinous  deposit.  It  should  be  removed  and  washed 
frequently  and  thoroughly. 

Another  method  in  use  on  a  large  scale  is  scouring,  or 
agitation  and  precipitation  of  solids,  both  mineral  and  organic, 
by  the  addition  of  1  or  2  grains  of  alum  to  the  gallon  of  water, 
thus  forming  a  flocculent  magma  which  carries  down  the  silt 
and  other  suspended  impurities  aa  with  a  net.  Free  HoSO^  is 
Bometimea  evolved,  or  there  may  be  failure  to  ppt.  germs  because 
of  the  lack  of  bases  in  the  water.  Lime-water  may  be  used  to- 
ppt.  excess  of  carbonates.  Magnetic  carbid-of-iron  beds  are  also- 
employed  for  purification  on  a  large  scale;  these  beds  must  be 
aerated  occasionally  to  keep  their  oxidizing  properties.  Still 
another  method  is  to  pass  the  water  through  a  revolving  cylinder 
containing  scrap-iron,  and  then  through  n  trough,  where  the  ppt. 
of  ferric  oxid  carries  down  organic  matter  with  it. 

CuSO^  (1  part  to  100,000)  is  being  used  successfully  for 
the  purification  of  drinking-water.  One  part  in  50,000,000 
destroys  algie,  to  which  a  bad  taste  and  odor  are  commonly  due. 
Br  (2  or  3  grains  dissolved  in  one  quart  of  infected  water)  de- 
stroys bacteria  in  five  minutes.  The  Br  can  then  be  neutral- 
ized with  NH^OI^  or  NaaCOs  (German  method). 

In  London  a  living  filter  is  employed  for  the  water  of  the 
Thames.  A  layer  of  mnd  containing  billions  of  innocuous 
saprophytes  to  the  cubic  foot  is  spread  over  the  sand  layer  of 
the  filter-bed,  forming  a  jelly-like  cnist.  These  germs  seize  on 
all  organic  matter  in  the  water,  oxidizing  and  destroying  it 
completely,  thus  affording  the  most  efficient  sanitary  filter 
possible. 

0  is  commonly  spoken  of  aa  Nature's  great  antiseptic,  yet 
in  its  ordinary  molecular  form  it  e.^erts  this  effect  for  the  most 
part  through  the  agency  of  microbes.  The  great  majority  of 
these  are  not  only  harmless,  but  of  immense  importance  in  the 
economy  of  Nature,  requiring  atmospheric  0  not  only  for  their 
work,  but  for  their  very  existence.  Minute  animalcules  (in- 
fusoria, water-fleas)  and  fish  aid  in  purifying  water  by  feeding 
on  nitrogenous  matter  in  sewage. 

All  sorts  of  household  filtering  apparatus  are  in  use. 
Among  these  may  be  mentioned  brick  partitions  in  cisterns, 
nests  of  asbestos,  charcoal  filters,  and  those  of  spongy  iron,  and 
silicated  and  manganous  carbon  blocks.  The  best  filters  prob- 
ably for  domestic  use  are  made  of  unglazed  porcelain  (bisque) 
or  fossil  clay  (compressed  kieaeiguhr).  The  pores  of  these 
(Pasteur  and  Berkfeld)  are  so  minute  as  not  to  permit  the  pas- 
sage of  micro-organisms. 

Filters  must  be  cleansed  by  immersing  in  water  (boil  for 
a  half-honr  every  week;  also  bake  in  oven  for  30  minutes  every 
BIX  months),  as  otherwise  the  germs  in  them  multiply  so  rapidly 
as  greatly  to  increase  the  dangers  of  pollution  that  these  utensils 
ue  designed  to  prevent.    In  case  of  the  slightest  doubt  as  to  the 
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purity  of  any  given  drinking-water,  the  only  safety  lies  in  boiling 
or  distilling  it.  Boiled  water  can  be  charged  with  air  by  means 
of  a  bellows.  Faucet  filterB  may  be  utilized  for  removing  coarse 
suspended  matters  before  boiling. 

SAKITABT  ANALYSIS  OF  WATEB. 

The  examination  of  drinking-water  for  practical  hygienic 
purposes  is  accomplished  chiefly  by  chemic  tests;  that  is,  in- 
directly for  bacterial  contamination-  Typhoid  bacilli  liave  almost 
never  been  isolated  from  infected  water,  but  colon  bacilli  are 
readily  cultivated  and  signify  animal  contamination.  The  miero- 
organisms  commonly  found  in  stale  water  (algse,  cyclops,  amebee, 
rotiferse)  are  harmless  in  themselves  except  as  entozoa.  Their 
presence  in  large  numbers,  however,  points  to  an  attendant  pab- 
ulum of  decomposing  organic  matter. 

Color. — The  color  of  water  is  best  estimated  by  filling  a 
2-inch  glass  cylinder  (closed  at  each  end  with  a  disk  of  color- 
less glass)  with  the  water  and  holding  it  before  an  illuminated 
white  surface,  or  looking  down  through  the  column  on  a  piece 
of  white  paper  beneath. 

Reaction. — Water  is  normally  faintly  acid  or  alkiline.  The 
reaction  is  tested  with  litmus,  pbenolphthalein  (bleafhed  by 
COg)  or  lacmoid  (blue  with  alkalies,  reddish-yellow  with  min- 
eral acids — H2S04— or  ferric  salts,  unaffected  by  COa). 

Total  Solids.— The  total  residue  left  on  evaporation  and 
drying  should  not  he  more  than  600  parte  per  million,  or  40 
grains  to  the  gallon,  though  the  amount  has  less  significance 
in  artesian  water  than  in  river-Wiiter.  This  sediment  is  ignited 
at  a  red  heat  and  weighed  again.  The  loss  in  weight  repre- 
sents organic  and  volatile  matters;  the  remainder,  mineral 
hardness.  The  said  loss  should  never  reach  to  50  per  cent,  of 
the  total  residue.  If  on  heating  the  first  residue  it  blackens 
or  fumes  or  smells  like  burning  horn,  we  may  be  certain  there 
is  an  excess  of  organic  matter  present. 

Hardness.— This  may  also  be  determined  by  means  of  a 
standard  soap  solution,  prepared  by  dissolving  10  gm.  of  Castile- 
soap  shavings  in  a  liter  of  alcohol  (GO  per  cent.)  and  water 
(40  per  cent.).  Each  c.c.  of  the  solution  represents  1  mg.  of 
CaCOg.  The  solution  is  added  little  by  little  to  100  c.c.  of 
the  water  to  be  tested  in  a  fiask,  and  shaken.  The  additim 
is  continued  until  the  resulting  lather  remains  appreciable  for 
five  minutes,  and  the  degree  of  hardness  readily  noted  from 
the  number  of  c.c.  used.  When  water  contains  less  than  50 
parte  of  mineral  matter  in  1,000,000,  it  is  said  to  be  soft;  when 
more  than  150,  hard.  The  hardness  of  rain-water  is  generally 
less  than  y^  degree  (V^  grain  per  gallon).  Parts  per  million  are 
changed  into  grains  per  U.  S.  gallon  by  multiplying  by  the 
decimal  0.0583. 
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Clilorids. — An  excess  of  chlorids  (more  tlinn  15  parta  CI  in 
1,000,000)  is  gpnerally  {except  in  deep  water  or  ruin-water)  an 
indication  of  the  presence  of  sewage,  particularly  in  localities 
at  some  distance  from  the  ocean  or  salt-water  lakes  or  wells, 
The  amount  of  these  saJts   (NaCl  principally)  is  estimated  by 
means'  of  a  standard  solution  of  AgNOj  containing  4.8  gm.  of 
the  latter  to  a  liter  of  distilled  water: — 
AgNOa  ^     C]     _     g 
170      ~  36.4  —  *■" 
Each  c.c.  of  the  solution  is  equivalent  to  0.001  gm.  of  Ci.  or, 
if  100  c.c.  of  water  be  utilized  for  the  test,  each  c.c,  of  the 
standard  solution  stands  for  1  part  of  CI  in  100,000  of  water. 

EitlTOBtlon  of  Ctalorin. — TittAte  lOO  c.c.  of  waier  with  standard 
AgNOs  Boiution,  using  K2Cr04  ae  an  indicator.  AgNO.i  combines  with 
the  ehlorida  until  they  arc  used  up,  and  then  with  the  chromate,  forming 
the  orange-red  chromate  of  silver.  The  reaction  is  at  an  end  when  the 
reddiih  color  becomes  permanent.  The  number  of  c.c.  U9ed  of  the 
standard  solution  correi^ponda  to  the  parts  in  100.000  of  CI. 

Fhosphates.  —  Phosphates,  if  present,  are  determined  by 
slightly  acidulating  -nOO  c.c.  of  water  with  HXOj.  evaporating 
to  50  c.c,  addin?  a  few  drops  of  dilute  FeCla  and  then  slight 
e^icesB  of  NHjOH,  filtering  and  dissolving  residue  in  a  little 
hot  dilute  HNO3;  the  solution  is  evaporated,  if  need  be,  to  5 
c.c,,  and  to  this  3  c.c,  of  (N'H4)2Mo04  is  added,  throwing  down 
a  yellow  ppt.  of  phosphoraolybdnte  of  ammonium.  More  than 
6  parts  of  phosphates  [calculated  as  Ca.,(P04)2l  in  10,000,000 
of  water  should  be  regarded  wilh  suspicion.  Phosphatic  rock 
dissolved  by  water  is  pptd.  or  removed  by  micro-organ  isms. 

Organic  Hatter.  —  Waters  showing  a  high  0-consuming 
power  are  generally  more  unwholesome  than  others  with  a  low 
affinity  for  0.  A  simple  teat  for  the  0-consuming  power  of 
animal  and  vegetable  impurities  in  drinking-water  depends  on 
the  deoxidizing  and  decolorizing  effect  on  KMnOj  of  organic 
products.  Waters  absorbing  more  than  2  parts  0  per  million 
are  of  doubtful  purity. 

Experiment.— To  b  test-lube  nearly  filled  with  water  add  2  per 
cent,  of  strong  HoSO^  and  then  6  drops  of  KMn04  solution,  0.300  gm. 
to  the  titer  of  distilled  water.  Boil  for  five  minutes,  when,  if  the 
purple  color  all  disappeara,  orgnnic  matter  is  in  exeess  of  sanitary 
limits   {more  than  3  parts  in  1,000,000). 

The  odors  sometimes  produced  by  heating  the  water  resi- 
due (burning  glue,  hair,  rancid  fate,  urine,  etc.)  should  give  rise 
to  grave  suspicion. 

Ammonia.  —  The  total  N  should  not  exceed  0.07  part  in 
1,000,000  (free,  '/j ;  albuminoid,  %).  In  the  natural  decom- 
position of  organic  substances  by  the  0  and  sapr^h)'tea  of  the 
ground  air  NHa  is  one  of  the  fin't  products.  NH4  compounds 
may  also  be  produced  by  reduction  of  nitrates  and  nitrites  in 
presence  of  organic  matter,  especially  in  deep  wells. 
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The  reagent  employed  in  testing  for  NH3  is  called  Ne8sler*s 
Bolution,  and  is  an  alkaline  solution  of  Hglj  prepared  by  the 
reaction  between  KI  and  HgCIj  and  NaHO  (method  of  prepa- 
ration under  "Air").  This  reagent  gives  a  yellow  or  brown 
color  with  free  NII3,  the  depth  of  coloration  varying  with  the 
amount  of  thiB  gas  present. 

SHgIa  +  NH3  =  NHggl  +  3HI 

The  test  is  a  very  delicate  one,  showing,  it  is  said,  1  part 
of  NH3  in  100,000,000  of  water.  Albuminoid  ammonia,  or  that 
present  in  combination  in  undecomposed  organic  matter,  is 
separated  from  the  other  constituents  by  distilling  with  KMnO* 
and  an  alkali. 

To  determine  the  N  of  NHj  compounds  place  in  a  glass 
retort,  connected  with  a  Liebig  condenser  and  receiver,  200 
c.c.  of  distilled  water  and  10  c.c.  of  a  25-per-cent.  solution  of 
Na2C03  (ppts.  Ca  salts  and  frees  NH3),  and  distill  until  the 
distillate  shows  no  reaction  with  Nessler's  reagent.  Then  in- 
troduce 500  c.c.  of  the  water  under  examination  and  continue 
distillation  at  the  rate  of  about  50  c.c.  every  ten  minutes.  Add 
2  c.c.  of  Nessler's  reagent  to  each  50  c.c.  of  the  distillate,  col- 
lected separately,  and  compare  color  (fully  developed  in  five 
minutes)  with  that  of  50  c.c.  of  pure  water  containing  some 
standard  NH^Cl  solution  (0.383  gm.  dissolved  in  100  c.c.  of 
ammonia-free  water,  each  c.c.  being  diluted  for  use  with  99  c.c, 
of  pure  water  —  1  c.c.^0.00001  gm.  N),  to  which  3  c.c.  of 
the  Nesaler  fluid  is  added. 

According  ae  the  yellow-brown  color  of  the  standard  mixt- 
ure is  deeper  or  lighter  than  that  obtained  from  the  water 
tested,  other  comparison  liquids  are  prepared  containing  less 
or  more  NHjC!  until  the  colors  agree.  Successive  distillates  of 
50  c.c.  are  tested  in  the  same  way  until  no  reaction  occurs  on 
neaslerizing.  The  sum  of  c.c.  of  diluted  standard  NH4CI  re- 
quired in  making  the  color  balances  reprefenta  the  number  of 
hundredths  of  milligrams  of  N"  in  the  "free  ammonia."  A  ppt. 
obtained  by  this  method  shows  an  excess  of  NH.t  beyond  sani- 
tary safety. 

If  the  evolution  of  NH^OH  continues  and  increases  up  to 
the  fourth  or  fifth  distillate,  it  is  probably  due  to  the  decom- 
position of  urea  or  other  nitrogenous  substance,  in  which  event 
this  part  of  the  process  should  cease  and  the  next  step  (for 
albuminoid  ammonia)  be  taken. 

By  "albuminoid  ammonia"  is  understood  the  N  of  com- 
pounds convertible  into  NH3  by  alkaline  potassium  perman- 
ganate (8  gm.  of  KMnO^  and  SOO  gm.  nf  KHO  dissolved  in 
a  liter  of  distilled  water,  boiled  until  one-fourth  is  evaporated, 
and  then  made  up  to  a  liter  with  ammonia-free  water).  The 
contents  of  the  retort  left  from  the  first  step  are  thrown  out, 
the  retort  rinsed  thoroughly,  200  c.c.  of  distilled  water  and  50 
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c.c.  of  permanganate  solution  introduced,  and  the  mixture  dis- 
tilled down  to  about  100  c.c,  nesslerizing  the  laet  portion  of 
50  c.c.  to  make  Bure  that  NH3  ia  ab?ent.  Then  add  500  c.c.  of 
the  water  under  examination  and  proceed  with  the  distillatioa 
and  nesslerizing  just  as  for  the  free  NH3  in  the  first  step.  The 
difference  between  the  free  NH3  of  the  first  process  and  the 
total  NH3  of  the  second  is  the  combined  or  albuminoid  NH3 
present  in  the  water. 

Ammonia-free  water  for  making  these  tests  is  prepared 
from  distilled  water,  which  often  reacts  with  the  Nesaler  fluid, 
by  boiling  down  to  three-fourths  with  a  grain  of  Na2C03  to 
the  liter,  or  by  distilling  water  slightly  acidulated  with  nnS04- 
Great  care  should  be  taken  to  prevent  extraneous  contamina- 
tion, by  rinsing  thoroughly  all  the  apparatus  used. 


FlR,  ET.— CrltDder  lor  NesalerluUoD. 

Nltritei  and  Kitrates.  —  The  next  step  in  the  breaking 
down  in  the  soil  of  organic  matters  into  simpler  substances  ia 
the  conversion  of  NH^  first  into  nitrites  and  then  into  nitrates. 
These  changes  ran  take  place  only  by  the  aid  of  the  nitrifying 
germs,  wliich  in  the  presence  of  mineral  matters  transform 
NH3  into  nitrites  and  nitrates  of  Na,  K,  and  other  metalfl  at 
hand:  salts  which  are  the  source  of  most  of  the  N  of  plant- 
structure. 

It  is  evident  that  nitrites  in  drinking-water  are  of  less 
serious  import  than  free  NH3,  and  that  nitrates  have  a  still  less 
serious  siEnificance.  showing  less  recent  contamination.  Un- 
objectionable subsoil-water  from  cretaceous  strata  may  contain 
a  proportion  of  nitrates  inadmissible  in  the  case  of  river-water. 
Nitrites  are  sometimes  produced  by  reduction  of  nitrates  by 
recent  sewage,  by  metals,  cement,  or  new  brick-work.  They 
are  sometimes  present  in  rain-water,  nnd  in  deep-well  water 
from  lack  of  0  to  complete  oxidation.  It  is  stated  that  N  as 
nitrites  should  not  be  above  0.001  part  per  million;  N  as 
nitrates,  not  more  than  5  parts  per  million;  but  nitrates  and 
nitrites  are  generally  no  longer  regarded  as  serious  evidence 
against  the  purity  of  water.  In  pure,  deep-well  waters  contain- 
ing soluble  iron  salts,  a  change  of  the  iron  to  insoluble  com- 
pounds causes  formation  of  nitrites  from   nitrates  if  present. 
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Well-waters  sometinies  contain  considerable  minerul  matter 
and  suspended  organic  subftance  with  but  little  or  no  nitrates, 
owing  to  a  destructive  fermentation. 

Teit  for  Hitritei. — Add  1  c.c.  each  of  naphthylamin-hydroclilorate 
solution  1 10  gnt.  of  b.  naphthjlamin  and  10  c.c.  concentrated  HCl,  with 
HgO  to  mnke  250  c.c.)  and  of  a  saturated  aqueous  solution  of  aulphaoilic 
acid  to  100  c.c.  of  the  water.  A  pink  or  red  color  ahowB  that  the  water 
contaJDH  nitrites.  This  color,  however,  to  be  of  sanitary  Blgniftcance. 
aliould  appear  within  a  very  few  minutee,  as  eiposure  to  the  air  for  a 
longer  time  causes  a  eimilar  cliange,  owing  to  abiorption  of  nitrites 
from  the  atmosphere. 

Test  for  Nitrates. — Evaporate  in  a  sujtahlc  porcelain  dish  50  c.c. 
of  water  to  dryness,  flniehing  the  process  over  the  water-tjath.  Next  stir 
the  residue  thoroughly  with  1  c.c.  of  phenol-disu  I  phonic  acid  (made  by 
mixing  3  gm.  of  phenol  with  37  gm.  of  H2SO4  and  heating  for  six  hours 
in  the  water-hath)  and  dilute  with  about  25  c.c.  of  water-,  add  NH^OH 
in  excess  and  make  up  the  solution  to  SO  c.c.  If  nitrates  are  present, 
the  yellow  ammonium  picrate  is  formed,  varying  in  intensity  with  the 
amount  present. 

CaH^OHSOsH  +  HNOj  =  CoU^OBNOu  +  HjSO^ 

The  proportion  of  nitrates  can  be  estimated  by  comparing 
a  standard  KNOa  solution  (0.722  gm.  per  liter;  1  c:e.  =  0.0001 
N),  of  which  1  c.c,  is  evaporated  in  a  Pt  basin,  treated  as  above 
and  made  up  to  50  c.c. 

To  draw  deductions  in  slight  degrees  of  polhitinn  the  nor- 
mal standard  of  CI,  NH^,  etc.,  in  the  natural  waters  of  the  dia- 
trict  must  be  known.  The  proportion  of  CI  in  uncontnminated 
waters  is  fairly  constant;  when  due  to  sewage  it  (and  nitrates) 
is  likely  to  undergo  marked  variations. 

To  distinguish  between  animal  and  vegetable  water-con- 
tamination ia  a  difficult  matter.  If  the  excess  of  organic  matter 
ie  accompanied  by  excess  of  total  soHda,  01,  NHg,  nitrites,  and 
nitrates  (unless  these  have  entered  the  water  directly),  the 
source  of  pollution  is  generally  animal  filth  or  sewage;  when 
these  conditions  do  not  co-eiist,  the  pollution  ia  probably 
vegetable  in  origin.  Decomposing  nitrogenous  matter  yields 
NH3  more  rapidly  on  distilling  with  alkaline  potassium  per- 
manganate than  does  n  on -decomposing  matter.  Water  con- 
taining fermenting  vegetable  matter  is  colored  yellow  by 
boiling  with  NajCO^,  and  nesslcrizing  the  distillate  gives  a 
greenish  tinge. 

Blologle  Test  of  Drinking  Water  (Holland), — Shake  water  well 
and  add  1  c.c.  to  99  c.c.  of  distilled  water  previously  sterilized. 
Measure  I  c.c.  of  the  diluted  specimen  in  a  sterile  pipet,  and  mix  with 
a  tube  of  plating  agar  melted  at  40°.  Turn  agar  into  a  sterile  4-incb 
Petri  dish  an<l  let  solidify  on  a  level  table,  then  keep  in  an  incubator  at 
22°  for  OS  hours  and  count  number  of  colonies.  The  best  waters  show 
leas  than  a  hundred  colonies  in  this  way.  The  number  of  colonies  times 
100  represents  approximately  the  number  of  individuals  per  e.o.  of  the 
water.  Proper  bacterial  methods  surpass  the  cherolc  in  delicacy  and  in 
indicating  sewage  poiliition.  IllinoiB  Rtandard;  The  number  of  bacteria 
per  c.c.  is  the  number  that  will  develop  colonies  on  gelatin  at  20°,  and 
ebould  not  exceed  GOO. 
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SeteaHon  of  Badllnt  Colt  Comnnnli  in  Orinklne  Water  (Hol- 
land).—Inoculate  a  Smith's  tube  filled  with  2  per  t'ent.  glucose  bouillon 
with  1  c.e.  of  water,  and  grow  24  hours  at  38°.  If  no  gaa  forms,  colon 
bacilli  are  considered  absent.  It  some  gas  forms,  conllrmator;  testa 
should  be  used. 

Neutral-red  eo!or  in  bouillon  ib  reduced  (changed  to  canary- 
;eliow  with  green  fluorescence)  within  12  hours  by  the  Bacillus  coli,  not 
by  B.  typbo9UB.  It  is  also  reduced  by  anal^robic  bacteria  (B.  tetanus,  B. 
anthracia,  B.  edemie  malig.l,  and  is  changed  to  a  dull  orange  by  B. 
roesent^ricuB.  Savage  uses  0.1  c.c.  of  0.6  per  cent,  aqueous  solution  of 
GrUbler's  neutral-red  added  to  10  c.c.  of  broth  or  agar  containing  0.5 
per  cent,  of  glucose. 

FOISOSOnS  HETAXS. 

The  poiFonoiis  metals  rarely  or  occasionally  found  in 
drinking-water  mehide  Ba  and  Cr  (dye-worka),  Zn,  As,  Cu,  Pb 
(diifolved  by  soft  water  or  waters  containing  nitrites,  nitrates, 
or  excess  of  COo;  also  by  humic,  ulmic,  and  other  peaty  acids 
and  by  free  H2SO4  fonned  by  oxidation  of  iron  pyrites) .  One- 
tenth  grain  of  Pb  to  the  gallon  may  produce  plumbism.  It  ia 
well  to  avoid  water  which  has  stood  over  night  in  the  pipes,  Mn, 
Fe  (more  than  3  or  4  parta  in  1,000,000),  and  Al  are  also  objec- 
tionable in  notable  quantities. 

Ba  is  determined  by  slightly  acidulating  with  HCI  and 
adding  solution  of  CDSO4.  Cr  is  found  by  evaporating  a  liter 
of  the  water  to  dryness  with  a  little  ENO3  and  KCIO'j  and  then 
fusing;  any  Cr  ia  present  in  the  residue  as  chromate,  and  on 
taking  up  witli  acid  water  gives  a  blue  color  with  H2O2. 

Zn  is  best  detected  by  adding  sufficient  NH4OH  to  render 
slightly  alkaline,  heating  to  boiling,  filtering,  and  treating  fil- 
trate with  a  few  drops  of  K4FeCyo.  Reinsch's  test  is  best  for 
As,  evaporating  a  liter  of  the  water  (rendered  slightly  alkaline 
with  NajCOri)  nearly  to  dryness  and  acidulating  with  strong 
HCI.  KSCN  gives  a  blood-red  color  with  ferric  salt?,  or  with 
ferrous  after  boiling  with  a  few  drops  of  HNO3.  H2O2  gives 
a  brown  ppt,  with  a  concentrated  water  containing  Mo. 

Pb  ia  found  easily  by  adding  to  the  weter  in  a  tall  glass 
cylinder  a  drop  of  NH4HS,  giving  a  brownish-black  ppt,  of  PbS, 
not  cleared  up  by  HCI  (distinction  from  Fe)  nor  by  KCN  (dis- 
tinction from  Cu).  The  presence  of  the  latter  metal  may  be 
confirmed  by  adding  K4reCyo,  getting  a  mahogany-red  color. 
Water  should  not  be  drunk  if  it  contains  above  Y^a  gr.  Pb  or 
Cu,  Yi  gr.  Zn,  y^  gr.  Fe  per  gallon,  or  the  faintest  trace  of  As. 


Step  I.  Take  the  total  solid  residue  of  100  c.c.  (calculated  in 
grains  per  gallon)  to  serve  ns  a  check  on  the  re^ultfl:  then  ignite  and 
again  weigh;     loss  ^^  organic  and  volatile  matter. 

Step  II.  Evaporate  2000  c,c,  of  the  water  to  dryness  in  a  large 
porcelain  dish,  and  heat  gently  till  fumes  of  NHj  cease  to  bo  evolved. 
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Moiaten  residue  with  10  e.c.  of  distilled  water,  and  then  add  200  o.C. 
of  dilute  alcohol;  having  gently  det&ched  it  all  from  the  dish,  filter 
-Bnd  wash  with  dilute  alcohol  till  nothing  more  dissolves: 

(a)  The  filtrate  mn;  contain  all  suits  of  K  and  Na,  chlorida  and 
nitrates  of  Ca  and  Mg,  and  the  sulphate  of  Mg. 

(b)  The  insoluble  residue  may  contain  the  sulphate  and  cftf' 
'bonate  of  Ca  and  the  carbonate  of  Mg,  with  any  Fe  and  siliceous  matter 
present. 

^l)   Analifsia  of  the  fillrate. 

(a)  Evaporate  till  spirit  is  driven  olT,  cool,  transfer  to  a  2S0  c.c. 
flask,  and  make  up  to  the  mark  with  distilled  water.  Divide  into  two 
portions  of  100  c.c.  and  lAO  c.c.  respectively,  marking  them  A  and  B. 

|6)  To  A  add  NH^Cl,  NH4HO  and  |NH<)2C204,  to  ppt.  Ca.  The 
ppt.  is  washed,  dried,  ignited,  moistened  with  (NH^jjCOg  solution,  dried 
again  and  heated  till  no  more  fumes  are  evolved,  then  weighed  a« 
CaCOs- 

(c)  To  filtrate  and  washings  from  (b),  concentrated  to  SO  c.c. 
and  cooled,  add  Na^HPO^  to  ppt.  Mg.  The  ppt.  is  washed  with  a 
mixture  of  1  vol.  NH^HO  and  3  vol.  H^O,  then  dried,  strongly  ignited 
and  weighed  as  Mg2F207.  If  ppt.  remains  black  after  prolonged 
ignition,  cool,  moisten  with  HNO3,  dry  and  retgnite.  Calculate  to  MgO, 
and  this  times  2.5  =  MgO  present  as  CI  or  NO3  in  the  original  2000 
c.c.  of  wat^r. 

(d)  To  B  acidulate  with  HCl  and  add  BaCI:  to  ppt.  sulphate. 
Dry  and  weigh  as  BaS04.  Calculate  to  SO3,  and  this  times  2.5  ^  1.6  = 
total  SOg  present  in  the  original  2000  c.c.  of  water  taken  in  combination 
with  K  or  Na. 

{e)  The  filtrate  and  washings  from  (d)  are  evaporated  to  a  low 
■bulk  and  rendered  alkaline  with  pure  Ca(H0)2.  To  the  filtered  liquid 
excess  of  ammoniom  carbonate  is  added,  the  ppt.  is  Altered  out,  evapo- 
rated to  dryness  and  gently  heated  as  long  as  white  ammoniacal  fumes 
are  visible.  The  residue  must  be  purified  by  redissolving  in  water  and 
Adding  a  little  ammonium  carbonate,  when  a,  alight  ppt.  will  form. 
After  filtering,  the  lluid  is  evaporated  in  a  tared  Pt  diali  00  the  water- 
hath,  and  when  dry  the  residue  is  gently  heated  to  tiiiut  redness  (or  a 
minute,  cooled  and  weighed.  Results  X  2.S  -i-  1.5  =  total  K  and  Na 
present  in  the  2000  c.c.  of  water  started  with. 

{f)  The  residue  from  (e)  is  dissolved  in  a  little  water,  and  the 
K  estimated  thereon  by  PtCl4  in  excess.  The  whole  is  evaporated  to 
<lrynesB  on  a  water-bath,  and  la  then  again  digested  with  a  few  drops  of 
PtCl4  solution,  and  taken  up  with  alcohol.  The  ppt.  is  collected  on  a 
weighed  filter,  washed  with  80  per  cent,  alcohol  till  the  washings  appear 
j;|uite  colorless,  dried  at  100°,  and  weighed  as  PtCl4.2KCl.  and  calculated 
U)  K^O.  An  equivalent  amount  of  KCI  (calculated  from  this  K^O)  is 
then  deducted  from  residue  (e),  and  the  balance  is  NaCl,  which  is  cal- 
culated to  Na^O. 

(3)   AnalyeU  of  the  insaluble  portion. 

(a)  This  is  washed  from  the  filter  with  distilled  water  and  then 
boiled  with  100  c.c.  of  HnO,  and  HCl  added  till  efferveacence  ceases. 
Any  insoluble  is  filtered  out,  washed  with  boiling  water,  dried,  ignited, 
and  weighed  =  siliceous  matter  in  the  2000  c.c.  of  water  started  with. 

(b)  The  filtrate  and  washings  are  warmed  with  a  drop  or  two  of 
HNO3  and  mixed  with  NH,CI  and  Nn^nO.  and  the  iron  estimated  if 
present  na  FejO^,  and  result  calculated  to  Fe  ^  total  Fe  in  the  2000 
c.c.  of  water  taken. 

|c)   Divide  filtrate  and  washings  into  two  equal  parts,  A  and  B. 

(rf)  ITie  portion  A  is  pptd.  with  {NK4)2Cj04,  and  the  Ca  ostE- 
raated  as  CaCOg  as  above,  and  calculated  to  CaO  =  total  CaO  as  car- 
bonate or  sulphate  in  the  original  2000  c.c.  of  water  taken. 

(e)  The  filtrate  from  (d)  is  concentrated  to  a  low  bulk,  cooled, 
jind  Na2HP04  added  with  excess  of  NH4UO,  and  the  Mg  estimated  (see 
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above)  Bs  Mg;;PnOT  and  calculated  to  MgO.  Kesults  X  2  =  total  Mg 
present  as  carbonate  in  the  orig;ina1  2000  c.c.  of  water. 

if)  The  portion  B  is  neidiilaled  irith  BCI,  and  the  iulphate  esti- 
mated by  BaCIs,  weighed  ae  BaS04  and  calculated  to  SO^.  Result  X  2 
=  total  SOj  in  combination  with  Ca  iti  the  original  2000  c.c.  of  water. 

Step  III.  Take  the  amount  of  chlorids  as  CI  volumetrically  in 
100  c.c.  of  water,  as  described  under  "Sanitary  Analysis  oE  Water." 
Result  >;  20  =  CI  in  2000  c.c.  of  the  water. 

Step  IV.  Calcviatina  of  resvlts. 

Deduct  from  total  of  calculated  oxids,  CI  and  silica  an  amount  of 
0  equivalent  to  the  CI  found;  i.e.,  l^j  of  the  weight  of  CI,  since  all 
the  bases  have  been  calculated  to  nxids,  though  O  in  not  present  in 
halogen  salts.  The  difference  between  this  remainder  and  the  total 
residue  left  after  driving  off  organic  matter,  represents  CO2.  The 
actual  combinations  of  bases  and  acids  in  a  mineral  water  are  Boms' 
what  hypothetic  (aside  from  ionization)  but  the  usual  method  is  to 
consider  that  in  the  portion  soluble  in  spirit  SO3  prefers  the  bases  in 
the  order  of  K,  Na,  Ca  and  Mg,  while  CI  will  prefer  the  metals  in  the 
same  order  after  the  SOj  is  satislied  and  used  up.  In  the  portion 
Insoluble  in  spirit  SOj  prefers  Ca  to  Mg,  the  remainder  of  these  metala 
appearing  as  carbonates. 

As  to  boiler  waters,  an  approTimate  determination  can  be  made  by 
treating  the  total  solids  obtained  by  evaporation  with  60  per  cent. 
alcohol.  The  undissolved  residue  is  dried  and  weighed  as  "scale-forming 
materia!.'' 

FOOD  ADBLTEHATrOHS  AND  SOPHISTICATIONS. 

Thanks  to  the  deterrent  effect  of  Bational  and  state  laws  on 
this  euhject,  the  adulteration  of  foods  and  heverages  is  much  less 
common  than  it  was  a  few  years  ago.  Moat  of  the  practice  now- 
adays is  in  the  nature  of  sophistication — that  is,  the  addition  or 
substitution  of  comparatively  harmless  substances,  which  are 
injurious,  however,  from  a  negative  standpoint,  through  depriva- 
tion of  the  displaced  normal  ingredients,  and  beeflu?e  of  the  im- 
pairment of  the  natural  flavor  upon  which  good  appetite  and 
digestion  largely  depend. 

Water  is  sometimes  added  to  lard  up  to  94  per  cent.,  with 
the  aid  of  lime  or  carbonate  of  sodium  or  potassium.  Cheese  in 
the  curd  stage  is  sometimes  soaked  in  cold  water  to  give  more 
weight  and  a  softer  texture.  "Renovated,  process  or  hash"  butter 
is  prepared  by  heating  and  treating  with  sodium  carbonate. 
Rennet  or  a  mixture  of  pepsin  and  sodium  sulphate,  or  gelatin 
and  glucose,  are  added  to  butter  ("stretched  butter")  to  make  it 
hold  more  water  (up  to  50  per  cent.)  and  so  increase  its  weight. 
"Refined  or  compound"  lard  is  a  mixture  of  beef  fat  and  cotton- 
seed-oil. Lard  is  also  adulterated  with  starch,  !ime,  alum,  and 
ealt.  Oleomargarin  is  wholesome  and  nutritious,  but  is  not  so 
readily  digested  as  butter,  hence  is  contraindtcnted  for  invalids. 
"Butterine"  has  lard  (40  per  cent.)  or  commercial  oleomargarin 
added  to  the  milk  and  oleo-oil  before  churning. 

Tests  for  Purity  of  Lard. — The  tn.p.  of  keg  lard  is  about  33'; 
omental  lard,  42-45°.  On  melting  it  should  form  a  clear  liquid,  without 
scum  or  deposit.     Added  water  now  sinks  to  the  bottom  in  a  separate 
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layer,  and  is  estimated  by  heating  a  known  weight  of  lard,  with  constant 
stirring,  until  it  ceases  to  lose  weight.  Pure  lard,  on  burning,  should 
leave  no  ash. 

Simple  Tests  for  Butter  (Leach). — ^The  foam  test  consists  in  heat- 
ing a  small  lump  in  a  large  spoon  over  the  Bunsen  flame,  turned  very 
low,  stirring  constantly  during  the  heating.  Genuine  butter  (butyric 
odor)  will  boil  quietly,  but  with  considerable  froth,  which  will  often 
swell  up  over  the  edge  of  the  spoon  when,  just  after  boiling,  the  latter 
is  raised  from  the  flame.  Renovated  butter  or  oleomargarin  (meaty 
odor)  bumps  and  sputters  noisily  like  hot  grease  containing  water,  but 
does  not  foam ;  on  removing  the  spoon  from  the  flame  curdy  particles  are 
quite  noticeable.  With  either  pure  or  renovated  butter  the  scale  divi- 
sion of  the  critic  line  in  Zeiss^s  butyrorefractometer  when  the  melted 
sample  begins  to  set  is  not  above  64,  whereas  with  oleo  it  reads  higher. 
To  distinguish  azo-colors  and  annatto  Doolittle  recommends  to  dissolve 
2  gm.  melted,  flitered  fat  in  ether  in  each  of  two  test-tubes.  Into  one 
test-tube  pour  1  c.c.  dilute  HCl,  and  into  the  other  1  c.c.  dilute  KOH 
solution.  Shake  both  tubes  well  and  allow  to  stand.  Azo-dyes  show  a 
pink  to  wine-red  coloration  with  the  acid  test;. no  color  with  the  alkaline. 
Annatto  colors  the  potash  solution  yellow,  and  has  no  effect  on  the  acid 
solution. 

The  substitution  of  oleomargarin  for  butter  is  readily  de- 
tected by  the  marked  difference  in  volatile  fatty  acids:  nearly 
8  per  cent,  in  the  case  of  butter  and  only  about  y2  per  cent,  in 
oleomargarin.  A  mixture  of  butter,  oleomargarin,  and  cocoanut- 
oil  may  have  the  same  proportions  of  insoluble  acids  as  butter, 
and  is  distinguished  by  the  oleorefractometer.  The  sp.  gr.  of 
butter  (at  100**  P.)  is  rarely  below  0.91;  of  beef-fat,  never 
above  0.9018.  The  m.p.  of  butter  is  from  86**  to  94**  F.;  of 
beef -fat,  rarely  above  82**  F. 

Test  for  Butter  (Leffmann). — ^Wash  a  300  c.c.  flask  thoroughly; 
rinse  with  alcohol,  then  ether;  dry  by  heating  in  water-oven,  cool,  and 
weigh.  Introduce  5.75  c.c.  of  the  sample  measured  by  means  of  a  pipet 
heated  to  about  60®,  and  after  flfteen  minutes  weigh  again.  Then  add 
20  c.c.  of  glycerol-soda  solution  (1  part  of  100  per  cent.  NaHO  solution 
with  9  parts  of  pure  glycerin)  and  heat  over  the  Bunsen  flame  until 
complete  saponiflcation  takes  place  (in  about  flfteen  minutes).  Dissolve 
the  soap  in  135  c.c.  of  water,  gradually  added  with  shaking,  and  add 
5  c.c.  of  20  per  cent.,  by  volume,  H2SO4;  drop  in  a  piece  of  pumice,  and 
distill  until  110  c.c.  have  been  collected.  If  the  distillate  is  not  clear,  it 
should  be  thoroughly  mixed  and  flitered,  and  100  c.c.  of  the  flltrate 
taken.  Standardize  with  decinormal  alkali  in  the  usual  way;  if  only  100 
c.c.  of  distillate  are  taken,  the  flndings  should  be  increased  by  ^o*  ^ 
blank  experiment  should  be  made  to  determine  the  amount  of  standard 
alkali  required  for  the  materials  (seldom  above  0.5  c.c.  for  good 
glycerol).  Five  gm.  of  butter  yields  a  distillate  requiring  from  24  to 
34  c.c.  of  decinormal  alkali  to  neutralize;  commercial  oleomargarin 
(usually  churned  with  milk),  1  to  2  c.c.  of  the  alkali.  Butter-fat  is 
readily  and  completely  soluble  in  ether;  beef-fat  leaves  a  residue. 

Skimming  milk  increases  the  sp.  gr.  and  diminishes  the 
cream.  Milk  which  has  been  both  skimmed  and  watered  may 
have  a  normal  sp.  gr.,  but  is  thin  and  blue.  Mechanically  sepa- 
rated milk  contains  only  0.1-0.3  per  cent,  of  fat;  skim  milk, 
0.8-1  per  cent.  The  bacteria  (lactic-acid  bacillus  and  others) 
in  badly  kept  milk  may  amount  to  3,000,000  or  4,000,000  per  c.c, 
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and  are  the  active  cause  of  the  flummer  complaint  of  infants. 
Miik  is  also  very  liable  to  bear  the  germs  of  enteric  and  scarlet 
fevers,  diphtheria,  tuberculojie,  and  foot-and-mouth  disease; 
also  the  mold  of  thrush  (O'idium  albicans).  The  best  preventives 
of  milk- infection  are  cleaniinesa  in  milting  and  in  the  care  of 
cows,  and  keeping  the  milk  on  ice  from  the  time  it  is  drawn  until 
ready  to  be  used.  Bacteria  may  be  filtered  out  to  a  considerable 
degree  through  cotton. 

Test  for  Fonnalln. — Add  a  tew  dropa  of  dilute  phenol  to  the  milk, 
aod  pour  the  mixture  on  strong  HjSO),  getting  a  hright-red  ring.  An 
orange  coloration  ia  noted  with  pure  milk. 

Or  float  n  mixture  of  equal  parte  of  milk  and  water  on  H2SO4 
mide  .vellow  with  Fe,(&0f)3  (commerdal  HjSO^  contains  n  trace); 
formalinized  milk  shows  a.  blue  to  violet  ring  (pure  milk  greenish); 
this  test  shows  as  little  as  1  part  in  250,000. 

Leaeh'!  Teit  for  FomiBlin  in  Kilk.— Heat  about  10  c.c.  of  the 
milk  with  an  equal  quantity  of  cone.  HCl  and  a  drop  of  FeClj  solution. 
A  violet  Mior  shows  the  presence  of  HCOH,  even  to  the  extent  of  only  1 
part  in  300.000.     As  a  negative  test  this  one  is  especially  delicate. 

Detection  of  Boras  or  Borlo  Acid  in  Hllk  (Leach).— Add  to  the 
ash  I  or  2  c.c.  of  dilute  HCl,  then  dissolve  in  a  few  i^.c.  ol  wat^r  from 
wash-bottle.  Soak  a  strip  of  turmeric  paper  for  a  minute  or  so  In  the 
solution.  A  positive  reaction  is  shown  hy  the  paper  on  drying  turning 
a  deep  eherry-red.  changed  to  dark  olive  on  treating  with  dilute  alkali. 

Teit  for  H^O^  in  Kilk  (Arnold  and  HenUel).— Add  (o  10  c.e.  of 
the  specimen  10  drops  of  a  1  per  cent,  solution  of  vanadic  acid  in  dilute 
HjSOj.  A  red  coloration  shows  as  low  aa  j^qq  of  1  per  cent,  of  this 
preservative. 

Teat  foT  Gelatin  In  Cream  or  lee'Cream  (Stokes). — Dissolve  Hg 
in  twice  its.  weight  of  HNO3  (1.42)  and  dilute  with  24  times  as  much 
water  by  volume.  To  10  c.c.  of  this  solution  add  as  much  cream  and 
about  20  c.c.  of  cold  water.  Shako  the  mixture  vigorously,  let  stand 
S  minutes  and  fitter.  To  the  filtrate  (cloudy  if  much  gelatin)  add  an 
equal  volume  of  saturated  aqueous  solution  of  picric  acid.  A  yellow  ppt. 
shows  the  presence  of  as  little  gelatin  as  1  part  In  10,000. 

Tett  for  Annatto. — Coagulate  1  ounce  milk  with  a  few  drops  of 
HCi^HaOj,  heal,  strain,  press  out  excess  of  liquid;  triturate  curd  in  a 
mortar  with  ether;  decant  ether  and  add  to  it  10  c.c.  of  a  1  per  cent, 
solution  of  NaHO,  shake  and  allow  to  separate;  pour  off  upper  layer 
into  a  porcelain  dish,  put  in  a  small  atrip  of  filter-paper,  and  evaporate 
gently.    The  strip  is  colored  buff  or  orange,  turning  pink  with  SnCl-i. 

Skimmed  milk  cheeses  are  seldom  "filled"  nowadays  with 
lard,  cottonseed  and  other  oils,  since  such  sophisticated  products 
lack  the  natural  aroma  and  flavor.  Olive-oil  is  very  extensively 
adulterated,  especially  with  cottonseed -oil  {sometimes  with  pea- 
nut or  sesame).  There  is  no  ohjection  to  this  from  the  hygienic 
or  dietetic  point  of  view,  hut  it  is  nevertheless  a  fraud,  and  must 
be  stopped.  Almond-oil  is  often  adulterated  with  the  poisonous 
oils  of  peach  and  npricot  kernels.  Menhaden,  whale,  and  seal 
oils  are  used  to  adulterate  cod-liver  oil. 

Test  for  Cottonieed-oU  (Halphen).  —  Mix  in  a  test-tube  equal 
volumes  of  the  oil  to  be  tested,  amyl  aleohol,  and  CSi  containing  1  per 
cent.  8  in  soliition.  Keep  tube  (loosely  stoppered  with  cotton)  in 
boiling  brine  for  IS  minutes,  when  a  red  eoloration  apfiears  if  oleum 
gotsypi)  seminta  is  present. 
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Differentiation  of  Food  Oili  (E&TTlnstoii).^It  12  c.c.  of  a  sus- 
pected sample  are  mixed  in  a  test-tube  with  6  c.c.  of  a  2.6  p^r  cent, 
solution  of  AgNOg  id  1)5  per  cent,  alcohol,  and  placed  in  a  beaker  of 
boiling  Hater,  the  following  color  cbnngea  ensue:  Ulive,  greeniah; 
cottonseed,  black;  sesame,  dark  redd ish -brown ;  peanut,  reddish-brown, 
then  greenish  and  turbid;  poppj,  greenish -yellow. 

Starch  is  a  very  common  "fillinfr"  afieiit  (increases  weight 
and  capacity  for  water)  in  potted  beef  and  poultry,  pat6B,  aau- 
Hftges  (prevents  shrinkage  when  fried),  yeast,  baking  powders  (up 
to  50  per  cent. — should  not  exceed  20  per  cent.),  ground  mus- 
tard and  canned  corn  (renders  liquid  more  creamy).  "Leiuon 
jelly"  may  be  made  from  starch  and  tartaric  acid.  Potato  starch 
is  often  mixed  with  eago.  Extract  of  yeast  is  sometimes  found 
in  meat  extracts.  Wheat  flour  is  rarely  adulterated  with  corn- 
meal  and  other  cereals.  "Buckwheat"  flour  is  not  seldom  a  mixt- 
ure of  rj-e,  maize,  wheat,  etc.  Gluten  flours  are  often  over  half 
starch.  The  amount  of  water  in  bread  should  not  generally 
exceed- 40  per  cent,  (up  to  50  per  cent,  when  quite  fresh). 
Alum  is  normally  present  in  flour  and  bread  to  the  extent  of 
6  to  10  grains  in  a  4-pouud  loaf. 

Testing  Purity  of  Flour. — According  to  Vogel,  70  per  cent,  alcohol 
containing  5  per  cent.  HCl  remains  colorless  after  being  used  to  extract 
pure  wheat  or  rye  flour.  It  turns  pale  yellow  if  oats  or  barley  bo 
present;  orange-yellow,  if  mixed  with  pea  flour.  Sophistication  with 
potatoes  shows  increase  of  water  and  an  alkaline  ash.  Unbleached 
fluur  shaken  with  petroleum  ether  colors  this  Huid  light  yellow;  bleached 
flour  causes  no  change  in  color. 

Cane-sugar  is  sometimes  added  to  honey  and  to  Indian  com, 
which  is  lacking  in  sweetness.  Much  more  objectionable  is  the 
use  of  saccharin  in  com  and  tomatoes.  Jellies  and  jams  are  often 
nothing  more  than  glucose,  geiatin,  and  starch  paste  flavored  with 
essential  ods  and  colored  with  anilin  dyes.  Apple  stock  (pulp,' 
skins,  seeds,  and  cores),  pumpkins,  turnips,  and  molasses  are 
the  common  basis  for  all  kinds  of  jelly  sold  in  stores.  Qlucose 
is  also  a  leading  component  of  imitation  honey,  maple  syrup,  and 
fruit  butters.  Oiueon;  is  only  half  as  sweet  as  cane-sugar,  but 
it  is  not  injurious  to  health,  except  as  it  may  contain  sulphuric 
and  sulphurous  rfcids,  used  in  its  manufacture  and  not  completely 
removed.  Cheap  confectionery  is  composed  largely  of  glucose 
and  starch  colored  with  anilin  dyes.  The  use  of  paraffin  in 
butterscotch  and  chocolates  is  dangerous,  because  of  its  insolu- 
bility. 

Sugars  and  Symps. — Stnndnrd  brewers'  sugar  is  hydrous  starch 
sugnr  containing  not  less  than  TO  per  cent,  dextrose,  nor  more  than  fl 
per  cent,  ash;  climax,  or  acme,  sugar,  SO  per  cent,  and  1,6  per  cent. 
respect ivelj.  Anhydrous  grape  sugar  should  contain  not  less  than  BQ 
per  cent,  dextrose,  nor  more  than  0.0  per  cent,  ash  (chlorids  and 
sulphates  of  Na  and  Ca).  Granulated,  loaf,  cut.  milled  and  powdered 
sugars  should  contain  at  least  09.5  per  cent,  of  jucrose.  Added  ultra- 
marine is  decomposed  by  RCI,  showing  the  blue  color.  Glucose  gives 
R  much  higher  polarimetric  reading  than  cane  molasaca,  and  on  inversion 
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continuea  to  reatl  to  the  right  almost  ns  high  us  before?.  Glucose,  or 
corn  syrup,  should  show  no  more  than  25  per  cent,  wutcr  or  3  per  cent. 
nsh.  Sjrup  deposits  an  unsightly  ppt.  on  standing  if  ultraninrinc  blue 
has  b^en  added. 

Identification  of  Honey. — If  honey  gives  a.  ppt.  when  treated  with 
excess  of  alcohol,  the  dextrin  of  commercial  glucose  is  present.  All 
genuine  honey  contains  grains  of  pollen.  Wben  fermented  with  yenat, 
not  more  than  5  per  cent,  (corn  syrup  15  to  20  per  cent.)  of  unferment- 
able  matter  should  be  left.  BaClz  ppts.  the  trace  of  H2SO4  in  corn 
syrup.  Honey  is  neutral  or  icTOrotatory  (rarely  a  few  degrees  to 
riglit}  1  corn  syrup  and  saccharose  are  dextrorotatory.  To  distinguish 
properly  adjusted  inverted  cane-sugar  from  pure  lioney,  convert  to  asli — 
the  ash  of  genuine  honey  contains  about  0.03  per  cent.  HgPO^,  the  sub- 
Test  for  Saccharin .^E:i tract  50  c.c.  of  sample,  acidulated  with 
35  per  cent.  HjSO^,  with  a  mixture  of  equal  parts  of  ether  and  petroleum 
spirit,  and  evaporate  solvent  at  a  gentle  heat.  The  sweet  residue  is 
healed  with  2  c.c.  of  saturated  NallO  solution  until  mass  fuses  for  one- 
half  hour,  when  saccharin  is  changed  to  salicylic  acid.  If  the  latter 
was  originally  present,  it  may  be  separated  by  dissolving  the  ether 
residue  in  50  e.c.  dilute  HCI,  adding  Br  water  in  excess,  shaking  well, 
and  filtering  ofT  the  brominated  salicylic  acid. 

Maple  frodncts;  Color  Test  (Sy).— Put  15  c.c.  syrup  or  15  gm. 
sugar  and  water  to  make  15  c.c.  into  a  test-tube  or  narrow  cylinder,  add 
1  c.c.  20  per  cent.  H3PO4;  mix  thoroughly  by  shaking;  let  stand  until 
alcohol  separates,  and  note  its  color — pure  products  always  give  « 
decided  brown — adulterated  ssroples,  from  a  trace  of  color  to  a  light 
brown — cane-sugar  products  colored  with  caramel  give  no  color  to  the 
alcohol.  Foam  Test.  Place  5  c.c.  of  syrpp  in  a  narrow  tube  or  cylinder 
graduated  in  0.1  c.c;  add  10  c.c.  of  water  and  shako  vigorously  for 
one-half  minute;  let  stand  10  minutes  and  read  volume  of  foam  in  c.c.; 
pure  products  give  from  3  to  6  c.c.  foam — adulterated  or  mi.ted  products 
always  below  3  c.c.  Malic  Acid  Vaiue.  Place  5  c.c.  of  syrup  or  5  gm. 
sugar  and  water  t«  make  5  c.c.  in  a  25  c.c.  measuring  cylinder;  add  10 
c.c.  water  and  2  c.c.  solution  of  lead  subacetatc;  mix  thoroughly  and 
allow  to  stand  20  hours,  then  read  volume  of  settled  ppt.  For  pure 
maple  products  this  ia  over  3  c.c.  (usually  over  6  c.c.|  ;  adulterated 
samples  give  much  less  ppt.,  coircsponding  with  amount  of  pure  maple 
present  in  sample.  Sugar-cane  Hvrup  may  give  a  heavy  lead  ppt.  The 
presence  of  "mapleine,"  says  Hilfner,  is  shown  by  invert  sugsr  above 
E  per  cent,  ("mapleine"  contains  about  20  per  cent.)  and  ash  below 
4  per  cent. 

Foreign  minera!  contamination,  accidental  or  BurreptitioiiB, 
is  UFiially  negligible  in  qi:antit>'.  Actual  dirt  is  sonietimes  left 
purposely  in  truffles.  One  eeldom  encounters  of  late  ground 
gi-psum.  talc,  terra  alba.  Bilicates,  marble  or  chalk  in  confection- 
ery or  flour ;  iron  or  brass  filings,  soapstone,  gypsum  or  sand  in 
tea;  lead  salts  and  iron  oiid  in  cocoa;  or  sand  in  sugar.  Ar- 
senic (from  iron  pyrites  used  in  making  sulphuric  acid,  for 
manufacturing  glucose)  is  an  occasional  dangerous,  even  fata!. 
contaminant  of  beer  and  soda-water.  Leid  compounds  have  been 
added  to  winee  to  sweeten  the  product.  Tin,  lead  and  zinc,  from 
can  and  solder,  may  accidentally  contaminate  canned  meats,  fish, 
and  fruits.  Tnmishing  the  inside  of  the  cans  preypnts  electro- 
lytic solution  of  the  metals.  "Teme"  tin  plate  contains  a  mixture 
of  tin  and  lead,  and  is  used  for  roofing,  and  sometimes  wrongly 
for  cans.    A  trace  of  zinc  ia  sometimes  found  in  dried  apples, 
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from  the  use  of  galvanized  iron  racks.  MolaBses  should  hardly 
be  coneidered  an  edible  substance,  emce  it  eontains  tin  cMorid, 
zinc  aalte  and  sulphurous  acid  used  in  refining  the  sugar  of  which 
it  is  the  residue.  Solutions  containing  copper,  lead,  mercury  or 
arsenic  have  been  applied  to  the  outside  of  cheeses  to  preserve 
them  from  insects.  The  "bloom"  of  lime  on  nutmegs  aneweis  the 
same  purpose. 

According  to  Witcy,  the  basic  sulphate  of  aluminum  is  the 
acid  ingredient  in  the  great  majority  of  present-day  baking  pow- 
ders. He  says  that  if  the  proportion  to  baking  soda  is  properly 
balanced,  the  powder  leaves  on  reaction  aluminum  hydrate  (not 
ordinary  alam)  and  the  sulphates  of  sodium,  potassium  or  am- 
monjum  (ammonium  carbonate  sometimes  used  as  alkaline 
agent).  Alum  baking  powders  have  no  noticeable  effect  on  the 
healtii,  but  yeast  bread  is  probably  more  hygienic  than  that  pre- 
pared with  these  powders.  Alum  is  sometiiiiea  added  to  baker's 
bread  to  render  it  hygroscopic  and  whibT  and  prevent  souring. 
It  may  also  be  found  in  pickles  and  ground  ginger. 

Test  for  Alum  In  Bread. — lU  preaence  in  ajiy  quantity  can  be 
detected  \ij  pouring  a  freah  infusion  of  logwood  (made  with  distilled 
water)  over  the  flour  or  bread.  The  color  of  the  logwood  ia  changed 
to  lavender  or  violet-gray.  Thii  test  gives  a  distinct  bluish  color  with 
O.02  p«r  cent,  of  alum,  but  several  other  mineral  substancea  vield  a 
somewhat  similar  reaction. 

Ground  spices  are  commonly  sophisticated  with  fruit  stones, 
hulls  and  shells,  floor,  starches,  cereals,  ground  shipbread,  char- 
coal, sawdust,  clay,  gypsum  and  cheaper  spices.  Whole  ginger 
is  sometimes  "whitewashed"  with  chalk  or  plaster  of  Paris,  or 
bleached  with  chlorinated  lime  or  sulphurous  acid.  Ginger,  pre- 
viously exhausted  by  the  ginger-beer  manufacturers,  is  often  sold 
as  genuine.  Whole  black  mustard  is  frequently  mixed  with  rape- 
seed.  Pepper  may  contain  a.  large  proportion  of  sand  and  other 
mineral  matter.  Fnground  pepper  berriea  are  sometimes 
weighted  by  saturating  with  brine,  or  whitened  by  bleaching 
or  facing  with  chalk.  Cayenne  pepper  is  at  times  weighted  with 
red  lead.  One  of  the  most  dangerous  and  reprehensible  fonns 
of  adulteration  is  the  use  of  wood  alcohol  in  cheap  flavoring 
extracts.  "Lemon  cJttract"  is  sometimes  made  from  the  oil  of 
lemon  grass.  '  "Vanilla  extract"  is  often  prepared  from  tite 
tonka  bean  or  coumarin. 

Simple  Teiti  for  Splon,  Eztraoti  and  Beveraffet. — Ronited  coffee 
floats  for  some  time  on  water;  roosted  chicory  (juickly  sinks.  It  is 
moist  to  the  touch,  nnd  forms  clinging  niaaaes  which  color  water  dark 
brown  on  shakine.  Cloves  that  have  been  subjected  to  distillation  float 
on  water;  the  official  buds  sink.  Vanilla  extract  should  contain  from  2 
to  4  per  cent,  of  total  solids  (gums,  resins,  etc.).  On  heating  vanilla 
extract,  if  tonka  or  coumarin  is  nUo  present,  an  odor  like  tobacco  is 
not«d.  The  oil  of  lemon  extract  is  readily  thrown  out  of  solution,  and 
measured  centrifugally  or  otherwise,  by  treating  with  a  few  drops  of 
HCl   and  considerable  excess  of  water.     Artificial   nutmegs   are  easily 


I 

I 

I 


FOOD  ADULTERATIONS. 


broken  into  a,  powder  when  treated  with  boiling  wat«r.  Pepper  berrju 
should  sink  quii^klj'  io  water.  Long  pepper,  a  wild  Indian  grass,  hag  a 
disagreeable  odor  and  imparts  a  slate;  color  to  Bamplea  containing  It. 
The  preseoee  of  starch  (wholty  absent  from  pure  muatard)  is  shown 
chemicallj  bj  atirriiig  witb  water,  heating  and  adding  tinct.  iodin, 
getting  a  blue  ot  green  color.  When  strong  NH40H  ia  poured  on 
mustard  containing  turmeric,  the  mixture  turns  orange-red.  Naph- 
thalene jellow  can  be  extracted  witli  strong  alcohol;  it  dyes  wool  a 
bright  j'ellow. 

Mineral  acids  in  vinegar  are  detected  by  adding  a  solution  of 
methyl-violet,  which  turns  blue  with  mineral,  "not  with  organic  acida. 
The  ash  of  cider  vinegar  gives  a  decided  indication  of  K  salts;  that  of 
molasees  vinegar,  no  K  but  much  Co,  salts  and  the  odor  of  rum.  Sub- 
stitutes for  cider  vinegar  show  slight  or  no  reaction  for  malio  acid — 
should  yield  a  rather  copious  ppt.  with  solution  of  lead  subacetata. 

Tpd  leaves  are  heated  and  exposed  to  the  air  (oxidation  and 
fermentation) ;  longer  in  the  case  of  black  tea  than  of  green  tea. 
Many  kinds  of  tea  are  artificially  scented  by  admixture  or  by 
roasting  with  foreign  leaves,  which  are  then  removed.  The  nat- 
ural aroma  is  due  chiefly  to  the  yellow  volatile  oil  developed  by 
roasting  and  drying.  Borax  and  eodium  carbonate  are  eorae- 
timefl  added  to  improve  the  color  of  the  infusion.  The  soluble 
ash  in  genuine  leaves  is  3  or  4  per  cent.  Exhausted  leaves  yield 
too  low  a  soluble  ash.  A  hiph  total  ash  indicates  iron  or  brass 
filings  or  sand  (insoluble  in  HCl).  Mn  is  a  normal  ingredient. 
Chocolate  is  often  defatted  by  heat  and  pressure  for  making 
cocoa  and  other  preparations.  Cocoa  and  chocolate  have  been 
adulterated  with  vegetable  oils,  mutton  tallow,  clay,  brick  dust, 
and  Venetian  red.  So-called  soluble  cocoas  are  prepared  with 
sugars  and  starches,  particularly  arrowroot.  Alkalies  (high  ash) 
are  sometimes  added  to  form  an  emulsifying  soap.  Ground  cof- 
fee is  commonly  sophisticated  with  the  darker,  more  bitter  chic- 
ory, which  itself  is  sometimes  adulterated  with  beets,  mangel 
wurzel,  dandelions,  oak-bark,  sawdnst,  and  colored  earths.  '  Spent 
coffee  beans  are  rarely  roasted  with  sugar  and  sold  as  genuine. 
Artificial  "coffees"  are  made  by  roasting  wheat,  oats,  and  other 
cereals.    Tnie  coffee  contains  no  starch. 

Many  are  the  deceptive  names  of  food  preparations,  "Full 
cream"  cheese  means  Fimply  cheese  made  from  the  whole  milk. 
"Peach"  ice-cream  is  soured  vanilla  cream  flavored  with  lemon. 
"Egg  powders"  for  making  cakes  consists  of  colored  casein  or 
starches.  "Haspberry  sauce"  is  sometimes  created  almost  wholly 
from  gelatin.  "Guernsey  brandy"  is  a  spirit  made  from  beet 
roots  artificially  flavored.  Baking  powders  should  be  specified  aa 
alum,  phosphate  and  tartrate,  since  the  leavening  power  of  the 
first  variety  is  much  beiow  that  of  the  other  two. 

A  frequent  form  of  simple  fraud  is  misnaming  a  natural 
product  as  to  its  geographic  origin,  e,t/..  the  Maine  herring  sold 
as  the  European  sardine. 

Horseflesh  and  other  meats  of  uncertain  oriein  are  occa- 
fiiooally  utilized  in  sausages.    Most  pernicious  of  all  is  the  prac- 
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tice  of  selling  pass^  cold  ptornge  products  (particularly  eggs  and 
undrawn  poultry)  aa  strictly  fresh.  After  long  periods  the  de- 
terioration of  meat  and  poultry  is  very  marked,  and  poisonous 
degradation  compounds  may  be  formed  by  autolysis.  The  same 
is  true  of  the  borax-preserved  broken  eggs  used  by  bakers.  Be- 
ginning putrefaction  may  be  detected  by  holding  a  rod,  dipped 
in  a  mixture  of  1  c,C.  each  of  ether  and  HCl  and  3  c.c.  of  alcohol, 
over  the  suspected  matter,  producing  fumes  of  NH^Cl.  Pre- 
served meat  often  turns  slimy  from  the  peptoniziug  action  of 
aerobic  bacteria  on  its  surface. 

A  very  frequent  kind  of  adulteration  is  the  addition  of 
coloring  matters  and  other  substances  to  "improve"  the  appear- 
ance or  taste.  Such  "improvement"  is  deceptive,  and  panders 
to  a  aemi-barbaric  taste  for  high  colors  and  flavors.  The  natural 
colors  in  cochineal,  burnt  sugar,  annatto,  saffron  and  ebloropbyl 
are  considered  harmless,  but  only  a  few  anilin  dyes  have  escaped 
condemnation  by  experts.  There  have  been  several  deaths  in 
young  children  from  eating  the  concentrated  colors.  These  dyes 
may  contain  arsenic  or  mercury,  used  as  oxidizers  in  their  manu- 
facture. The  coal-tar  dyes  are  cheap  and  are  used  very  exten- 
sively in  confectionery  (ebloropbyl,  eosin  and  cocbineal),  ice- 
cream, jams,  jellies,  wines,  sausages,  mince  meat  (also  carmine), 
pie  fillers  and  maraschino  cherries.  Practically  all  butter  is 
artificially  colored,  sometimes  with  marigold,  turmeric,  saffron 
or  annatto;  often  with  coal-tar  dyes,  especially  methyl-orange 
and  carotin.  If  it  is  really  desirable  for  butter  to  have  a  rich 
yellow  tinge,  this  can  be  accomplished  in  n  natural  way  by  feed- 
ing the  cows  carrots,  ruta-bagas,  yellow  maize,  and  clover  hay. 
Cheese  is  colored  with  carrot-juice,  saffron,  annatto,  turmeric 
and  yellow  azo  dyes.  Naphtol-yellow  is  u?ed  in  cakes.  Cur- 
cuma is  commonly  added  as  a  coloring  agent  to  ground  ginger, 
mustard,  and  rhubarb.  Gelatin  and  caramel  are  sometimes  put 
into  milk  or  cream  to  make  them  !ook  richer.  "Viscogen"  is  a 
syrup  of  lime  (fi^A  per  cent)  used  to  give  body  to  creams. 

Detection  of  Caramel  (Cramptou  and  Simons). — Mix  the  liquid  by 
vigorous  shaking  with  one-third  its  volume  of  fuller'a  earth,  let  stand 
for  n  hnlf  hour  and  filter.  Liquors,  vanilla  extrael,  etc.,  colored  with 
caramel  are  largelj  decolorized. 

Teit  for  Tnrmerlo. — Shake  the  food  sample  with  alcohol  or  chloro- 
form, filter  and  treat  fllter^paper  (after  drying)  with  solution  of 
borax  slightl;  acidulated  with  HCl,  getting  a  rose*red  color,  which 
turns  dark  ^een  on  adding  ammonia. 

Detection  of  Coal-Tar  Colori. — In  general  coal-tar  colors  give  a 
second  dyeing  to  white  woolen  cloth  in  a  slightly  acid  medium  (aft«r 
decolorizing  with  NH,HO,  then  acidulating  this  fluid  with  HCl).  Artifi- 
cial vegetable  dyes  in  weak  solution  turn  violet  on  standing  over  night 
after  treating  with  excess  of  NH,HO.  Anitin  dyes  can  be  shown  in 
wines  by  shaking  together  equal  volumes  of  wine  and  ether  in  a  flask 
and  letting  stand  to  separate;  the  ether  shows  a  red  coloration  if  tho 
teat  is  positit'e.  Fuchsia  in  confectionery  can  be  found  by  shaking  the 
neutral   solution   with   a  mixture   of   equal   parte   ol   ether   and   amyl 
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alcohol,  which  is  colored  red  or  pink  on  separating.  EoEins  sre  fluores- 
cent. Azo-colors  on  treating  with  a,  mixture  of  90  per  cent,  alcaho] 
Rnd  10  per  cent.  HClg  and  moigtening  filt«r-ps,per,  turn  this  roae-red 
on  drying. 

Mineral  coloring  matters  are  much  more  objectionable  than 
vegetable.  The  oxids  and  palts  of  areenic,  copper,  chromium, 
and  lead  are  especially  injurious,  and  have  been  found  in  con- 
fectionery, 0our,  cakes,  and  cheese.  Copper  sulphate  and  nickel 
Balta  give  an  intense  green  color  to  cucumber  pickles  and  canned 
peas  which  are  imported  into  this  country.  Stannous  chlorid 
precipitates  the  coloring  matters  from  sympa  and  gives  a  bright 
yellow  appearance.  Tea  leaves  may  be  faced  with  lead  salts  or 
Pnissiaii  blue. 

Bleaching  agents  in  food  are  of  hygienic  importance.  Sul- 
phurous acid  (the  fumes  of  burning  sulphur)  is  used  with  dried 
fruits,  starches,  wines,  and  finished  sugars  (may  contain  salts 
of  tin  or  ultramarine  blue).  Bisulphite  of  sodium  or  potassium 
is  used  with  canned  corn.  Inferior  ffour  is  Eometimes  bleached 
by  electrically  generated  ozone  and  oxids  of  nitrogen.  Saponin 
ia  sometimes  added  to  soda-water  syrups  to  give  a  good  foam.  It 
may  cause  gastritis.  "Soaked,  or  floated,"  oysters  look  plump, 
but  have  lost  flavor  and  may  be  infected  from  the  water  or  ice 
used. 

Imitation  maple  syrups  are  made  of  extract  of  hickory  bark 
("mapleine")  with  glucose  or  cime  syrup.  Synthetic  imitation 
fruit  flavors  and  syrups  are  commonly  utilliied  for  cakes  and 
ices.  Sauces  are  sometimes  rendered  piquant  with  sulphuric 
acid.  Alcoholics  and  poisonous  flavors  (oil  of  mirbane)  are  not 
permissible  in  candies. 

Alcoholic  liquors  are  often  adulterated,  e.g.,  beer  with 
quassia,  gentian,  columbo,  chiretta,  chamomile,  kino,  cream  of 
tartar,  copperas,  orris  root,  picric  acid,  strychnin,  picrotoxin, 
wormwood,  capsicum,  cinnamon,  ginger,  and  other  spices.  So- 
dium bicarbonate  is  used  in  beer  to  correct  acidity  and  increase 
the  bead.  Glycerin  sweetens  the  beverage  and  gives  it  body.  Poi- 
i  fusel-oil  is  present  in  excess  in  young  raw  whisk}-. 

Cheap  wines  are  made  from  raisins,  dried  apples,  raspber- 
ries, and  gooseberries.  Champagne  has  been  made  from  goose- 
berries and  water.  Gin  is  often  concocted  from  a  mixture  of 
water,  sugar,  cinnamon,  alum,  capsicum,  cream  of  tartar,  and 
a  little  alcohol,  Prune-juice  is  frequently  added  to  factitious  and 
fictitious  rum.  Alum  heightens  the  color  of  wines;  added  acids 
imitate  the  reaction  of  mellow  age.  Cheap  wines  are  often  "plas- 
tered" with  calcium  sulphate,  which  preserves  the  product  and 
improves  the  color  by  forming  an  acid  sulphate  of  potassium 
and  separating  out  tartrate  of  potassium. 

Simple  Testa  for  Alcohollo  Llq no rs.>— Basic  lend  acetnt«  and  ■ 
little  ammonia  ppt.  all  the  bitter  substance  of  bops,  but  not  of  strj'clmin 
or  picrolosin.    Added  glycerin  in  beer  is  detected  by  the  acrid  vapon 


:378  SANITARY  CHEMISTRY. 

on  incinerating  residue  after  evaporation.  Fusel  oil  in  spirits  is  best 
detected  by  its  odor  on  evaporating  slowly  on  the  water-bath.  Added 
ethers  (Molnar's  test)  may  be  shown  by  evaporating  a  little  whisky  or 
brandy  with  excess  of  KBO;  on  adding  excess  of  H2SO4  to  the  residue, 
the  volatile  acids,  with  characteristic  odors,  are  liberated.  To  detect 
foreign  colors  in  wines,  treat  50  c.c.  of  the  wine  with  1  c.c.  formalin 
and  4  c.c.  cone.  HCl,  and  heat  mixture  in  water-bath  until  ppt.  forms. 
The  solution  is  then  made  alkaline  with  ammonia,  all  excess  of  which  is 
expelled  by  further  heating  in  the  water-bath.  Cool  and  filter.  With 
natural  wines  the  filtrate  is  colorless,  but  with  artificially  colored  wines 
the  color  remains.  Whisky  containing  neutral  spirit  and  colored,  when 
mixed  with  an  equal  part  of  fusel  oil  throws  down  artificial  color;  true 
'whisky  does  not  show  this  reaction. 

Test  for  Picric  Acid. — Evaporate  ^  to  1  liter  of  beer  to  dryness 
on  water-bath;  treat  with  alcohol,  filter,  and  evaporate  filtrate;  dissolve 
residue  in  boiling  water  and  evaporate  again;  extract  residue  with 
ether,  which  dissolves  the  acid  and  on  evaporation  leaves  it  as  yellow 
needles  giving  a  blood-red  color  with  KCN  (isopurpuric  acid). 

The  question  of  the  use  of  chemie  preservatives  in  food  has 
long  been  a  storm  center  of  controversy  between  sanitarians  and 
-manufacturers.  Dr.  H.  W.  Wiley,  the  foremost  authority  upon 
this  subject,  declares  that  nearly  all  food  preservatives  (including 
borax,  boric  acid,  sodium  sulphite  and  benzoic  acid),  used  con- 
tinually, have  a  deleterious  effect  upon  digestion  and  are  irri- 
tating to  the  kidneys.  He  holds  that  sterilization  suffices  for 
canned  fresh  meat,  and  that  grain  spirit  and  the  simple  condi- 
mental  substances  (salt,  sugar,  spices,  vinegar,  wood  smoke)  in 
moderate  quantities  are  the  only  unobjectionable  added  preserva- 
tives. One  important  objection  to  food  preservatives  is  the  stale 
condition  which  they  hide,  though  not  preventing  the  formation 
of  autol}i;ic  enzymic  products  detrimental  to  health. 

Borax  and  boric  acid  have  been  extensively  used  in  milk, 
cream,  butter,  meats,  beef-juice,  broken  eggs  (two  to  four  pounds 
of  borax  per  100),  and  oysters. 

Sodium  sulphite  and  saltpeter  are  added  to  meats  to  pre- 
serve the  red  tint  of  the  fresh  article.  A  recent  TJ.  S.  food  in- 
spection decision  permits  the  presence  of  350  mg.  of  sulphur 
dioxid  (not  over  70  mg.  free)  per  liter  in  wines  and  molasses. 
Glycerin  is  used  to  preserve  beef-juice  and  bone-marrow.  In 
large  amounts  it  may  have  a  hemolytic  action,  as  shown  by  the 
urine.  Benzoic  acid  or  sodium  benzoate  is  frequently  added  to 
meats,  fruit  juices,  catsups,  jams,  jellies,  and  fruit  butter.  In 
viands  like  catsup,  necessarily  exposed  to  the  air  some  time  after 
opening,  sodium  benzoate  is  generally  considered  still  permissible 
in  the  proportion  not  to  exceed  1  part  in  1000.  Salicylic  acid, 
hitherto  used  in  fruit  juices,  jams,  jellies,  milk,  wines,  beer  and 
oatsups,  is  now  rightly  prohibited.  Abrastol  (asaprol),  Ca(Cio- 
H6S030H)2,  a  bcta-naphtol  derivative,  is  said  to  have  been 
used  as  an  antiseptic  in  wines,  jellies,  etc.  Sodium  fluorid,  in 
bottled  beers,  may  cause  chronic  poisoning  marked  by  general 
bone  pains  and  a  tendency  to  thrombosis. 
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A  mogt  reprehensible  practice,  now  fortunately  disappearmg, 
iB  the  addition  of  formaldehyd  ("freezine,  iceline,  preserraline, 
milk  Bweet")  to  milk,  wines,  broken  egga,  aJid  "shucked"  oysters. 
It  hardens  the  casein  of  milk  and  renders  it  less  digestible,  and 
irritates  the  alimentary  tract  and  the  kidneys,  even  producing 
hematuria. 

Teit  for  Salfeylle  Add. — Render  26  to  SO  c.c.  of  snmple  feebly  ftcid 
with  HjSOf  &nd  shake  tboroughlj  with  an  equal  volume  of  a  mixture 
of  equal  parts  of  ether  and  petroleum  spirit.  Allow  to  separate  in  a 
funnel,  and  draw  off  the  solvent,  filter,  and  evaporate  gently.  The 
needle-like  crystals  of  ssliuvlic  arid  dinaotved  in  a  little  wat«r  give  a 
violet  color  with  PeCla-  6enEoic  is  oonvertecl  into  salicylic  acid  by  ' 
boiling  the  earople  with  acetic  acid,  filtering,  treating  filtrate  with 
HjOj,  and  extraoting  with  elher. 

Detection  of  Saltpeter.— A  dilute  solution  of  diplien.vlamin  in 
H2SO4  is  a  delicate  reagent,  giving  with  the  dry  residue  a  deep  blue 
color  with  traces  of  any  nitrate. 

Detection  of  Snlphnroui  Acid  or  Sulphltei  (Leach), — Mix  100  gm. 
of  the  somple  (flnely  inaeeruted  in  a  mortor  if  necessary)  with  enough 
water  t«  form  a  thin  solution  or  paste.  Acidify  with  HgPO,  and  distill 
off  20  to  30  c.ci  treat  distillate  with  a  few  drops  of  Br  water,  and 
boil;  then  add  BaClj  solution.  A  ppt.  indicates  sulphurous  acid  or 
sulphites. 

D.  S.  FOOD  STANDAEDS. 

fU  alanda  far  mnximutn,   and  111  /or   minimum   per  cents./ 

Meat  extract^solida  76  m,  ash  27  M,  fat  0.6  M,  N  8  m.  bases  40  m. 

Meat-juice— agh  16  M,  N  12  ra,  PaOa  2  to  4. 

I^ard — subatancea  not  fats  or  fatty  acida  1  M;  leaf  I  no.  00  M. 

Milk— 3,25  fat  10,  solids  not  fot  8.5  m. 

Condensed  milk— fat  T.T  m,  total  solids  28  m. 

Cream — fat  18  m. 

Butter— water   18  M,  milk  fat  82.5  m. 

Cheese— fat  50  m. 

lee-cream — fat  14  ni    (fruit  and  nut  12  ml. 

Flour- water  13.6  M,  ash  1   M,  N   1.25  m,  vegetable  liber  0.6  M. 

Glulen  flour— moisture  10  M,  N  S.S  m. 

Commeal— moiBlure  14  M.  ash  1.6  M.  N  1.12  m. 

Oatmeal- moisture  12  M,  ash  2.2  M.  N  2.24  m,  fiber  1.6  M. 

Rye  Qour- moisture  13.6  M,  ash  1.2S  M,  N  1.36  m. 

Buckwheat  flour— moisture  12  M.  ash  1.75  M,  N  1.28  m. 

Maple  sugar — ash  0,65  m. 

Molasses — water  25  M,  ash  5  M  (treacle  or  refiners'  syrup  8  M) , 

Sugar-cane  or  sorghum  syrup — water  30  M,  ash  2.5  M. 

Maple  syrup— water  32  M,  ash  0.45  m. 

Sugar  syrup — water  35  M. 

Ifoiiey— ivater  25  M,  nah  0.25  M,  sucroie  8  M,  levorotatory. 

Allspieel — ash  6  M,  filwr  25  M,  quercitannic  acid  8  ro. 

Cayenne  pepper — ash  O.S  M,  fiber  28  M,  starch  1.6  M,  nonvoL  ether 
extract  16  m. 

Ground  cinnamon — ash  S  M.  sand  2  M. 

Cloves— ash  8  M,  fiber  10  M,  quercitannic  acid  12  m,  vol.  ether 
extract  10  m. 

Ginger—lime  1  M,  ash  6  M.  fiber  8  U,  starch  42  m. 

Mace — ash  3  M,  fiber  10  M,  non\-oIatile  ether  extract  20  to  30. 

Ground  mustard^ash  8  M,  starch  2.5  M. 
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Prepared  mustard — protein  36  m,  fiber  12  M,  carbohydrates  24  M. 

Nutmeg — ^ash  6  M,  fiber  10  M,  nonvolatile  ether  extract  25  m. 

Black  pepper — ash  7  M,  fiber  15  M,  starch  15  m,  extract  6  m  (N 
3.25  m). 

White  pepper — ^ash  4  M,  fiber  5  M,  starch  50  m,  extract  6  m 
(N  4  m). 

Almond  extract — oil  of  bitter  almond  1  m. 

Lemon  extract— oil  5  m;  terpeneless  =  citral  0.2  m — dextro- 
rotatory. 

Vanilla  extract — soluble  matter  of  at  least  10  per  cent,  vanilla 
beans. 

Tea— ash  4  to  7. 

Roasted  coffee — ash  3  m,  fat  10  m. 

Chocolate — ash  3  M,  fat  45  m,  fiber  3.6  M,  starch  9  m. 

Apple  cider— ash  0.24-0.6  (one  half  K2CO3),  total  sugars  6  to  20, 
sp.  gr.  1.0415-1.069,  levorotatory. 

Grape  juice — ash  0.2-0.55  (P2O5  largely),  sugars  7-28,  sp.  gr. 
1.04-1.124. 

Cider  vinegar — apple  solids  1.6  m,  ash  0.25  m  (P2O6),  acetic 
acid  4  m. 

Evaporated  apples — ^water  27  M. 

Jam,  marmalade,  preserve — 45  or  more  fruit  to  55  sugar. 

Table  salt--CaS04  1.4  M,  CaCl2  and  MgCl2  0.5  M,  insoluble  0.1  M. 

DBUQ  IMPimiTIES. 

Arfenic  and  tellurates  are  frequently  present  in  bismuth 
salts  (bismuth  breath),  Na2HP04,  and  many  other  salts.  Most 
mercurous  salts  contain  traces  of  the  corresponding  mercuric  salts. 
Crude  sublimed  S  often  contains  As  and  other  impurities.  FeSo 
is  often  found  in  reduced  iron;  H2S  is  evolved  on  treating  with 
acids.  Bromates  in  alkaline  bromids  liberate  free  Br  on  adding 
dilute  H2SO4.  lodates  in  iodids  liberate  free  I  in  contact  with 
mineral  acids.  Bi  in  Hg  is  readily  detected  by  shaking  Hg  in  a 
test-tube,  when  the  Bi  separates  as  a  black  powder.  Common 
salt  commonly  contains  some  MgCl2.  Hypophosphites  often  con- 
tain an  excess  of  sulphates.  Cream  of  tartar  is  often  adulterated 
with  starch,  alum,  and  acid  calcium  phosphate;  less  often  with 
chalk,  calcium  sulphate,  and  potassium  acid  sulphate.  The  best 
baking-powders  should  yield  about  12  per  cent.,  by  weight,  of 
gas,  but  many  yield  much  less. 

Compound  spirit  of  ether  contains  a  little  free  H2SO3. 
Gums  are  notoriously  impure,  often  containing  dirt,  sticks,  bark, 
and  pebbles.  Digitalis  is  often  substituted  by  mullein-leaves  and 
elecampane-leaves;  saffron  with  calendula;  senna  with  argels. 
Carthamus  (saflBower)  is  often  substituted  for  saffron. 

Spanish  saffron  is  increased  in  weight  by  coating  the  stig- 
mas with  colored  CaCOs.  'Venice  turpentine*'  usually  consists 
of  a  mixture  of  resins  with  oil  of  turpentine ;  ^^urgundy  pitch,*' 
of  melted  resin  and  fat,  with  sufficient  water  to  render  turbid. 
Balsam  copaibae  is  commonly  adulterated  with  East  India  wood- 
oil  and  paraffin-  or  vaselin-  oil.  Essential  oils  are  very  com- 
monly sophisticated :  oil  of  rose  with  Indian  grass-oil.  Olive-oil 
is  commonly  adulterated  with  oil  of  cottonseed,  walnut,  sesame. 
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poppy,  rape,  or  peanut;  cod-liver  oil  with  porpoise,  Bhark-Hver, 
and  other  chesp  fish-oils.  When  shaken  in  a  teat-tuhe  with  an 
equal  volume  of  nitric  acid  pure  olive-oil  should  show  a  green 
coloration;  cottonseed,  a  red  color.  Cacao-butter  is  adulterated 
with  tallow,  lard,  stearic  acid,  paraffin,  beeswax,  and  cocoanut 
and  arachis  oils.  Imitation  beeswax  is  sometimes  made  from 
tallow  hardened  with  spermaceti  and  carefully  colored.  Gelatin 
is  commonly  substituted  for  isinglass. 

All  crude  drugs  (especially  cinchona  and  cannabis  Indica) 
vary  greatly  in  the  content  of  active  principles.  A  purple  color 
is  produced  on  heating  powdered  cinchona  in  a  teat-tube  if  sufG- 
cient  alkaloids  are  present.  In  the  United  States  Pharmacopeia 
will  be  found  many  practical  testa  for  chemic  impurities,  both 
qualitative  and  quantitative,  the  latter  being  chiefly  volumetric 
for  the  permissible  limit  of  impurities. 

Purity  of  Volatile  Oil*.— To  test  for  alcohol  in  volatile  oils,  ahake 
with  an  equBi  quantity  of  water  und  let  stand  to  separnte.  If  alcohol 
is  present,  the  watery  layer  will  be  increased.  Fatty  or  mineral  oils 
are  shown  by  their  insolubility  in  alcohol.  Turpentine  is  detected  in 
other  essential  oils  by  adding 'a  drop  of  HjSOi  to  5  drops  of  the  oil, 
getting  a  dark-red  color. 

TMt  loT  Sandalwood-oU. — If  to  1  c.c.  of  the  oil  there  is  added 
10  c.c.  of  a  mixture  of  3  voluraea  alcohol  and  1  volume  water,  a  perfectly 
clear  solution  should  be  obtained,  excluding  castor,  cedar  or  birch  oil. 

Test  for  Pnrlty  of  Slmbaib. — Powdered  rhubarb  is  often  adulter- 
ated with  turmeric,  which  is  detected  by  percolating  with  chloroform, 
dropping  percolate  on  borax  and  drying,  then  moistening  with  ECl, 
getting  an  orange  color. 

Test  for  Purity  of  Balsam  of  Peru. — Gurgun  balsam  as  an 
impurity  is  shown  by  adding  CSo,  getting  a  cloudy,  fluorescent  mixture, 
which  gelatinizes  on  heating  to  130°. 

To  Detect  Bosin  in  Beeswax. — Dissolve  the  specimen  in  boiling 
0.5  per  cent,  soda  solution,  und  add  e.icess  of  dilute  HCI,  getting  a  ppt. 


ASTISfiFTICS  ANS  DISINTECTA5TS. 

A  disinfectant  or  germicide  is  "an  agent  capable  of  de- 
stroying the  infective  power  of  infectious  material":  that  ia, 
specific  germs.  An  antiseptic  retards  or  arresta  bacterial  growth 
and  toxin  formation;  it  may  or  may  nrit  be  germicidal.  A 
deodorant  is  an  agent  that  absorba  or  oxidizes  offensive  odors; 
it  is  rarely  germicidal.  Antizymotics  prevent  fermentation  and 
putrefaction. 

The  removal  of  any  and  every  kind  of  dirt  and  filth  ia 
essential  to  the  proper  office  of  these  agents.  Since  perfect 
asepsis  is  impossible,  antisepsis  must  often  be  added  to  cleanli- 
ness. Disinfection,  in  general,  depends  upon  (1)  heat,  (2) 
oxidation,  (3)  sunlight  or  actinism,  (4)  reduction,  (5)  coagtila- 
tion,  and  (6)  direct  toxic  action  upon  bacterift. 

Of  all  disinfectants,  the  most  efficient  is  moist  heat,  to 
which,  at  the  temperature  of  boiling  water,  all  pathogenic  bac- 
teria and  their  spores  succumb  within  five  minutes.     Stained 


382  SANITARY  CHEMISTRY. 

goods  should  first  be  soaked  in  cold  water.  For  sterilizing  in- 
struments for  an  operation  nothing  is  better  than  boiling  them 
for  at  least  five  minutes  in  pure  water,  to  which  2  per  cent,  of 
N'a2C03  may  be  added  to  cleanse  adherent  grease  and  prevent 
rusting.  Gauze  and  other  dressings  should  be  sterilized  by  steam 
heat  just  previous  to  being  used.  Steam  apparatus  is  essential 
for  bulky  matters,  such  as  bedding,  carpets,  and  clothing.  Dry 
heat  is  not  nearly  so  effective  as  moist  heat,  and  when  necessary 
to  resort  to  this  method  it  should  be  applied  at  about  300®  F. 
and  fractionally — that  is,  for  a  short  time  on  successive  days — 
in  order  to  destroy  any  spores  that  may  have  resisted  the  heat 
and  developed  into  germs.  Boiling  decomposes  cocain  and 
atropin  solutions. 

Antiseptics  and  disinfectants  act  much  more  powerfully  in 
warm  water  than  in  cold.  The  tubercle  bacillus  is  killed  in  10 
minutes  in  water  at  70° ;  5  minutes  in  boiling  water.  It  resists 
dry  heat  at  100®  for  several  hours.  Some  bacteria  withstand 
freezing  in  liquid  air,  and  may  retain  their  vitality  fop  months 
at  20  inches  below  the  surface  of  the  soil,  which  is  the  level  of 
maximum  bacterial  contamination ;  the  soil  becomes  sterile  at 
4  yards  beneath  the  surface.  True  antiseptics,  says  Roger,  pos- 
sess the  very  curious  property  of  stimulating  the  chromogenic 
and  other  functions  of  bacteria  when  employed  in  minute  quan- 
tities. Strong,  irritant  germicides  and  antiseptics  favor  sup- 
puration. Antiseptic  dusting  powders  act  mainly  by  lessening 
secretion,  decomposing  ptomains  and  stimulating  leucocytosis. 

Acetanilid.  —  This  remedy  in  powdered  form  is  used  by 
many  physicians  as  a  local  antiseptic,  particularly  in  the  treat- 
ment of  chancroids.  Like  other  coal-tar  preparations,  it  may 
give  rise  to  depression  and  cyanosis. 

Alcohol. — ^The  antiseptic  properties  of  alcohol  depend  on 
its  dehydrating  and  coagulating  effects,  by  which  the  germs 
are  deprived  of  the  moisture  necessary  to  their  growth  and  are 
also  acted  upon  directly  as  to  their  waxy  capsules.  It  is  some- 
times used  as  an  intra-uterine  injection  in  cases  of  puerperal 
fever.  Alcohol  preserves  alkaloidal  solutions.  Dilute  alcohol  is 
more  actively  germicidal  than  pure  alcohol. 

Benzoic  Acid. — ^This  acid  is  not  to  be  classed  as  a  ger- 
micide, but  has  sufficient  inhibitory  activity  (1  to  900)  to  pre- 
vent the  rancid  decomposition  of  animal  fab,  and  hence  is 
much  used  in  ointments.  Internally  in  doses  of  10  to  30  grains 
benzoic  acid  is  a  serviceable  antiseptic  remedy  in  chronic  cys- 
titis.   Benzoate  of  sodium  is  an  oxidizing  antiseptic. 

Boric  Acid. — It  is  inhibitory  rather  than  germicidal.  A 
1  to  133  solution  arrests  the  activity  of  most  bacteria.  It  is 
free  from  irritating  or  toxic  qualities  and  from  disagreeable 
taste  or  odor.  A  saturated  solution  (4  per  cent.)  is  commonly 
employed  for  the  sterilization  of  mucous  surfaces,  and  is  a  good 
deodorizer  in  cases  of  fetid  perspiration.     A  1-per-cent.  lotion 
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is  used  exteosively  for  preventive  purpoMS  in  cleansing  the  mouth, 
nose,  and  eye»  of  infants  as  well  na  the  nipples  of  the  mother. 
Boric  acid  if  frequently  added  to  alknloidal  solutions,  to  fore- 
stall decomposition.  Insnlllations  of  the  dry  powder  into  the 
auditory  canal  after  cleansing  the  latter  are  generally  rapidly 
curative  in  suppuration  of  the  middle  ear.  The  too  free  use  of 
boric  acid  as  a  surgical  dressing  may  give  rise  to  dry  throat, 
Tomitiug,  diarrhea,  sleeplessness,  depression,  dim  vision,  head- 
ache, erythema,  urticaria,  and  even  collapse  and  death.  Its  pro- 
longed use  hai=  led  to  scaly  skin  diseases. 

Boras  is  also  slightly  antiseptic,  and  in  saturated  solution 
(12  per  cent.)  has  yielded  good  results  in  the  various  forms  of 
tinea.  The  glycerite  of  boroglycerin  is  made  some  use  of  as 
an  antiseptic  vehicle  for  alkaloids  and  glucosids  in  the  local 
treatment  of  skin  and  eye  diseases. 

Bromin. — Like  the  other  members  of  the  halogen  group, 
this  element  is  a  disinfectant  and  deodorizer  of  great  power. 
Over  6000  pounds  of  Br  were  used  at  Johnstown,  Pa,,  after 
the  great  flood  in  1889,  The  highly  corrosive  nature  of  the 
liquid  and  the  irritating  character  of  the  fumes  which  it  evolves 
make  its  employment  out  of  the  question  in  the  operating-room 
and  in  the  sick-chamber.  The  bromids  are  also  antiseptic,  NaBr 
in  lO-por-ccnt.  solution  being  destructive  to  the  germs  of  cholera 
and  typhoid. 

Carbolic  Acid. — The  disinfectant  properties  of  phenol  were 
first  recognized  by  Chaumette  in  1815,  but  it  was  not  until 
18G7  that  the  new  era  of  surgery  was  inaugurated  by  Lister  in 
his  memorable  communication  on  the  merits  of  this  drug.  The 
disinfectant  potency  of  phenol  is  well  established.  Generally 
speaking,  we  may  be  certain  of  reliable  antiseptic  resuits  with 
a  5-per-cent,  solution  of  the  acid,  though  certain  bacteria  and 
many  kinds  of  spores  resist  its  action  in  any  strength.  In  this 
strength  it  is  much  employed  to  sterilize  instruments,  particu- 
larly those  that  would  be  injured  by  heat.  A  2-per-cent.  solution 
is  used  as  a  wash.  A  solution  of  6  ounces  to  one  gallon  of  wafer 
is  a  good  disinfectant  for  infected  stools  and  cloths.  Carbolized 
soap  solution  is  3  per  cent,  soft  soap  and  5  per  cent,  commercial 
phenol  in  water.  According  to  Yersin,  a  1-per-cent.  solution 
will  destroy  tubercular  bacilli  in  one  minute.  Carbolates  and 
Hulphocarbolates  are  much  weaker. 

Carbolic  acid  coagulates  albumin  with  facility.  It  can  act 
in  the  presence  of  sebaceous  and  oily  matters.  It  is  an  effective 
local  anesthetic,  and  is  sufficiently  soluble  in  the  common  solv- 
ents. The  chief  objection  to  carbolic  acid  is  liability  to  sys- 
temic poisoning,  manifested  by  smoky  urine,  pain  in  the  lumbar 
r^on,  dyspnea,  and  possibly  collapse.  It  also  benumbs  and  cor- 
rodes the  hands  and  dulls  the  instruments  of  the  operator.  Even 
weak  solutions  have  caused  gangrene.  Phenol  should  not  be  em- 
ployed upon  children.    The  former  use  of  the  carbolic  spray  dur- 
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ing  operations  rested  on  the  faulty  supposition  tliat  infection  took 

Slace  through  the  atmoFphere  rather  than  by  way  of  the  hands, 
ressingB,  and  inatruments.  The  attempts  at  disinfection  of  a 
sick-room  with  vapors  of  carbolic  acid  or  similar  compounds  are 
equally  illogical  and  futile.  A  few  drops  of  liquid  phenol,  to 
each  ounce  of  an  alknloidal  solution,  serve  as  an  effective  pre- 
servative. 

Chloral  Hydrate. — A  5-per-cent.  lotiou  has  been  used  with 
satisfaction  in  the  treatment  of  foul  ulcers  and  parasitic  sicin 
affections.  It  is  also  employed  as  a  deodornnt  in  the  urinala 
of  paralytic  patients. 

Chlorin. — ^Tbe  disinfectant  value  of  this  element  has  been 
recognized  since  its  di.=covery  by  Scheeic  in  1774.  It  has  a 
great  affinity  for  H,  which  it  takes  from  H2O,  setting  free  the 
powerful  germicide  nascent  0.  Hence  the  necessity  for  moist- 
ure in  the  use  of  this  agent.  CI  also  acts  aa  a.  deodorizer  by 
taking  away  the  H  of  sewer-gas.  Nisaen  determined  that  a  solu- 
tion of  '^-  to  1-per-cent.  strength  destroys  the  germs  of  typhoid 
and  of  cholera  within  five  minutes. 

CI  for  disinfecting  purposes  is  derived  almost  e.xclueively 
from  calx  chlorata,  the  so-called  chlorid  of  lime,  which  evolves 
the  gas  gradually  in  the  presence  of  moisture.  It  should  eon- 
tain  at  least  25  per  cent,  of  available  CI.  Chlorinated  lime  is 
altogether  the  most  suitable  substance  for  deodorizing  drains, 
sinks,  water-closets,  and  infants'  diapers,  and  for  disinfecting 
alvine  evacuations  and  other  discharges.  For  the  latter  purpose 
the  fresh  powder  should  be  used  in  the  proportion  of  a  half-pound 
to  the  gallon.  It  ought  always  to  be  placed  in  the  vessel  before 
depositing  the  excretions  therein.  It  is  also  a  good  disinfectant 
for  sputum. 

Common  salt  and  ZnCU  are  inimical  to  all  low  forms  of 
life.  Of  the  former,  a  saturated  solution,  says  Miquel,  will  kill 
cholera  spirilla  in  a  few  minutes.  The  latter  compound  is  anti- 
septic in  the  strength  of  1  to  35,  A  lO-per-cent.  lotion  la  a 
serviceable  caustic  application  for  foul  ulcera. 

Chloroform.  —  This  well-known  anesthetic  prevents  fer- 
mentation due  to  micro-organisms,  while  it  does  not  impede 
the  function  of  the  unorganized  digestive  ferments.  Water  and 
spirit  of  chloroform  are  therefore  efficacious  remedies  in  digestive 
disorders  attended  with  fermentation  and  flatulence.  A  drop  of 
chloroform  to  each  ounce  of  liquid  is  perhaps  the  best  preserva- 
tive for  urine  and  alkaloida!  solutions. 

Chromic  Triozid.  —  Koch  asserts  that  CrOg  is  markedly 
germicidal,  and  Miquel  claims  that  it  is  antiseptic  in  a  1  to 
5000  solution.  The  drug  is,  however,  very  irritating  and  caustic, 
and  death  has  ensued  from  its  too  free  application. 

Citric  Acid, — A  solution  1  to  200  in  strength  will  kill  the 
spirilla  of  cholera  on  a  balf-hour'a  exposure;   hence  the  benefits 
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from  drinking  lemonade  in  times  of  cholera  and  other  water- 
borne  infections. 

Copper  Snlphate, — In  5-per-i'ent.  solutions  this  salt  is  a 
powerful  dlBinfectant  (coagulates  albumin)  and  an  absorbent 
of  HjS  and  ammonia. 

Creolin. — A  2-  to  5-per-eent.  emulsion  with  water  is  some- 
times used  for  vaginal  injections,  and  stronger  mixtures  are 
employed  for  general  disinfection.  IjvsoI,  solved  and  solutol,  are 
similar  mixtures  of  cresol?,  and  are  freely  soluble  in  water,  owing 
to  their  saponaceous  character. 

Creosote. — Beech-wood  creosot*,  in  spite  of  its  irritating 
properties,  is  still  widely  employed  as  an  intestinal  antifermen- 
tative  and  digestive  stimulant,  particularly  in  tuberculous  cases. 
Creosote  is  related  to  phenol,  and  is  apt,  when  used  in  excess,  to 
produce  analogous  symptoms  of  systemic  poisoniDg,  such  as  head- 
ache, stupor,  and  smoky  urine.  Schill  and  Fisher  found  that  a 
l-per-cent.  solution  of  creosote  failed  in  twenty-four  hours  to  kill 
the  tubercle  bacillus, 

Cyanid  of  Zinc  and  Hercnry.  —  Tiiis  insoluble  compound 
has  been  used  to  some  extent  in  the  form  of  gauze  for  sui^cal 
dressings.  It  is  feebly  germicidal,  strongly  antiseptie,  and  non- 
irritating,  hut  extremely  poisonous,  on  which  account  its  use 
should  be  condemned. 

Ether.^Et hylic  ether  in  full  strength  is  an  efficient  ger- 
micide. Its  chief  use  in  surgery,  however,  aside  from  anesthe- 
sia, is  to  dissolve  and  remove  the  fatty  matters  of  the  skin 
before  applying  antiseptic  solutions.  It  is  employed  for  the 
same  purpose  in  the  preparation  of  surgeon's  catgut. 

EueaJyptol.— This  is  a  camphor-like  substance  credited  by 
Behring  with  an  antiseptic  potency  one-fourth  tliat  of  carbolic 
acid,  and  depending  largely  on  the  aldehyd  aromadendral.  The 
eucalyptus  preparalions  are  indicated  in  chronic  urinary  dis- 
easea  aesodatca  with  decomposition  of  urine  within  the  body. 

Ferrous  Sulphate. — Copperas  is  not  a  germicide,  but  has 
weak  antiseptic  properties,  and  in  strong  solutions  is  of  service 
as  a  deodoriKer  for  vaults  and  other  damp  places. 

Formaldehyd. — The  marked  efficiency  of  tliis  gas  was  dis- 
covered by  Trillat  and  Aronson  in  1892.  A  l-per-cent.  solution 
destroys  nearly  all  germs  in  less  than  thirty  minutes.  The  gaa 
is  an  admirable  surface  disinfectant,  but  hns  not  the  penetrating 
power  of  SOj.  Its  germicidal  power  is  probably  due  to  the  fact 
that  it  renders  albuminoids  insoluble  in  water.  It  is  the  best 
remedy  for  smut  and  potato  scab  (soak  seed  potatoes). 

For  disinfecting  rooms  the  gaa  may  be  produced  by  heat- 
ing solid  para  form  aldehyd  over  an  nlcoliol-Inmp;  or  it  can  be 
dcvclnpcd  directly  by  oxidation  of  methyl  alcohol,  the  vapors 
of  which  are  made  to  pass  through  heated  metal  tubes  or  eoila. 
Another  method,  recommended  by  Novy,  ia  to  heat   formalin 
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(40-per-cent.  aqueous  solution)  containing  10  per  cent,  of  glyc- 
erin or  a  little  CaCl2  (dehydrates  gas) ;  or  by  dipping  sheets 
in  a  weak  fonnalin  solution  and  hanging  them  upon  lines  in 
the  room.  The  walls,  ceilings,  and  other  surfaces  may  be  sprayed 
with  1 :  1000  formalin. 

To  liberate  formaldehyd  quickly  and  effectively,  pour  2  parts 
of  40-per-cent.  solution  (formalin)  upon  1  part  of  crystals  of 
KMn04 — or  one  pint  of  formalin  (24  oz.  below  60°  F.),  poured 
over  6%  oz.  potassium  permanganate  in  an  asbestos-lined  vessel, 
for  every  1000  cubic  feet  of  space. 

As  HCOH  is  quite  diffusible,  all  apertures  of  the  room 
should  be  kept  tightly  closed  for  six  or  eight  hours  while  the 
gas  is  operating.  Its  irritating  odor  is  quickly  dispelled  by 
evaporating  some  NH4OH  in  the  room.  For  thorough  disin- 
fection it  is  well  also  to  wash  the  furniture  with  antiseptic  solu- 
tions, to  rub  the  wall  with  bread-crumbs,  to  scrub  the  floor 
thoroughly,  and  to  boil  all  the  clothes  and  bedding  that  can 
be  treated  in  this  way.  For  surgical  use  formaldehyd  is  utilized 
in  Vf  to  i/^-per-cent.  solutions;  for  general  antisepsis,  ^-  to 
2-per-cent.  solutions;  and  for  sterilizing  catgut,  a  4-per-cent. 
solution.  Like  HgCl2,  formalin  roughens  and  hardens  the  hands. 
Paraform  pastils  are  very  convenient  for  sterilizing  catheters  by 
keeping  them  together  in  a  closed  box.  A  few  drops  of  formalin, 
placed  in  the  clinic  thermometer  case  every  fortnight,  serve  as 
an  efficient  sterilizer. 

Glycerin. — Copeman  discovered  in  1891  that  glycerin  is 
able  to  sterilize  vaccine  pulp  sufficiently  for  clinical  purposes, 
without  affecting  the  properties  of  the  unknown  vaccinia  germ, 
and  glycerinated  lymph,  preserved  in  sterile  capillary  tubes,  is 
at  present  a  most  convenient  and  acceptable  form  of  vaccine. 
At  least  33  per  cent,  of  glycerin  must  be  present  to  prevent  de- 
velopment of  pus  cocci.  It  has  no  effect  on  the  tetanus  germ  or 
toxin. 

Iodoform. — ^The  clinic  benefits  accruing  from  the  applica- 
tion of  CHI3  depend  mainly  on  starving  the  germs  by  absorp- 
tion of  local  secretions  and  on  chemic  changes  in  the  toxins. 
In  the  presence  of  much  moisture  diiodoacetylid  is  also  evolved, 
and  aids  in  the  approximate  sterilization  of  the  tissues.  Some 
micro-organisms  grow  in  iodoform,  and  prudence  dictates  that 
the  drug  should  be  itself  sterilized  by  heat  before  using  it.  A 
10-per-cent.  solution  in  olive-oil  is  especially  valuable  for  in- 
jection in  tuberculous  affections  of  the  joints. 

The  immoderate  use  of  iodoform  as  an  application  to  fresh 
wounds  is  a  matter  to  be  deprecated,  since  alarming  toxic  symp- 
toms  may  follow :  such  as  erythema  or  eczema  and  painful  swell- 
ing about  the  wound ;  headache ;  f aintness ;  prostration ;  high 
fever;  rapid,  feeble  pulse;  collapse;  amblyopia,  and  cerebral 
phases  simulating  meningitis.  The  pupils  are  contracted. 
Elderly  persons  and  children  are  especially  susceptible  to  the 
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as- 


deleterious  influeBce  of  the  drug.  KHCO3  may  be  used  as  an 
antidote  locally  and  by  the  mouth.  Chronic  iodoform  poisoning 
is  manifested  by  anorexia,  iodigestion,  vertigo,  insomnia,  eczema, 
rapid  pulse,  fever,  and  amblyopia.  The  invincible  odor  of  CHI3 
is  very  offensive  to  sensitive  patients.  Cumarin  covers  tlie  odor 
somewhat.  Tincture  of  iodin,  applied  to  cleansed  contused 
wounds,  prevents  euppuration.  A  2  per  cent,  aqueous  solution 
(with  4  per  cent.  KI)  was  Senn's  favorite  antiseptic  application. 

Lactic  Acid.  —  Although  the  product  of  alimentary  fer- 
mentation, this  acid,  in  larger  quantity,  inhibits  fermentative 
changes.  Kitasnto  states  that  a  4  to  1000  solution  is  destruc- 
tive to  typhoid  bacilli. 

Lime.^Fresh  CaO  is  a  strong  germicide,  1  to  1000  being 
sufficient  to  destroy  cholera  and  typhoid  germs.  It  is  used  mainly 
for  disinfecting  manure-heaps  and  privy-ordure.  .\s  a  fertilizer 
it  accelerates  the  decomposition  of  organic  substances  in  com- 
posts. 

Hercnrio  Chlorid. — -The  reign  of  corrosive  sublimate  as  an 
antiseptic  began  in  1881,  when  Koch  affirmed  jtB  generally  ger- 
micidal action  in  solutions  as  weak  as  1  to  15,000.  A  1  to  1000 
solution  is  needed  for  n  on -spore-bearing  bacteria :  1  to  500  for 
the  spore-bearers,  Abbott  has  ascertained  that  a  1  to  500  solu- 
tion will  not  destroy  pus-cocci  even  in  the  absence  of  spores.  It 
has  been  demonstrated  by  a  number  of  observers  that  the  action 
of  strong  solutions  of  HgCt;  is  not  germicidal,  but  inhibitory, 
and  that  when  the  chemical  is  pptd,  from  the  perms  they  again 
resume  their  vital  functions.  The  citric  or  tartaric  .acid  in 
bichlorid  tablets  aids  the  penetration  of  the  antiseptic  into  the 
tissues.  The  antiseptic  power  of  a  solution  of  HgClj  is  consid- 
erably diminished  by  the  addition  of  NaCl  (teaspoonful  to  quart 
of  solution,  to  prevent  precipitation)  on  the  general  principle 
that,  when  to  a  solution  containing  free  ions  similar  ions  are 
added,  there  is  a  tendency  to  reform  the  original  molecules.  A 
solution  of  HgCls  in  ether  or  absolute  alcohol  has  no  effect  on 
germs,  since  in  this  medium  the  mercuric  salt  is  not  dissociated. 
The  cyanid  of  Hg  is  less  germicidal  than  the  bichlorid,  since  the 
former  ionizes  little  if  at  all. 

The  principal  objections  to  the  use  of  HgClj  as  an  anti- 
septic are  as  follows:  It  is  irritating  to  the  tissues,  even  causing 
necrosis.  Strong  solutions  roughen  the  hands.  It  absorbed  to 
the  extent  of  a  grain  or  more,  it  is  apt  to  produce  alarming 
toiic  symptoms.  It  combines  with  albumin,  forming  an  insolu- 
ble and  inert  (while  undissolved)  compound;  nor  can  it  act  in 
the  presence  of  fat  or  soap.  In  aqueous  solution  it  is  quite  un- 
stable, tending  to  reduction  into  calomel.  It  is  very  corrosive  to 
instruments.  Despite  the  above  disadvantages,  HgCU  remains 
the  favorite  antiseptic  of  a  large  proportion  of  physicians  and 
Burgeons.  That  such  should  be  the  case  shows  merely  that  a 
dictum,  once  establislied,  is  difficult  to  overthrow. 
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Mineral  Acids. — Hydrochloric,  nitric,  and  sulphuric  acids 
have  each  slight  antiseptic  energy.  The  first  named  has  sup- 
planted lactic  acid  in  the  treatment  of  ordinary  stomachic  in- 
digestion. 

Mustard.  —  A  solution  of  the  oil  of  black  mustard  only 
1  to  33,000  is  capable  of  preventing  the  development  of  anthrax- 
spores.    All  the  essential  oils  have  more  or  less  antiseptic  power. 

Naphtalin.  —  Naphthalene  is  utilized  as  a  prophylactic 
against  moths.  Beta-naphtol  is  sometimes  administered  as  an 
intestinal  antiseptic.  It  is  liable  to  be  contaminated  with  its 
poisonous  isomer,  alpha-naphtol.  The  derivative  hydronaphtol 
is  also  prescribed  as  an  int^tinal  disinfectant. 

Oxygen. — Despite  the  popular  belief  to  the  contrary,  ordi- 
nary molecular  0  is  not  directly  germicidal  except  in  the  case 
of  the  relatively  rare  anaerobic  bacteria.  It  is  the  freshly  lib- 
erated or  nascent  atomic  form  of  the  gas  which  is  a  true  and 
powerful  germicide.  Whatever  merits  ozone  may  possess  as  a 
disinfectant  are  due  to  breaking  up  of  the  gas  into  nascent  0 
and  the  ordinary  form.  The  good  effects  derived  from  the  use 
of  wood-charcoal  in  fermentative  disorders  depend  largely,  no 
doubt,  on  the  0  occluded  in  its  pores,  as  well  as  on  absorption 
of  the  abnormal  gaseous  products. 

Petroleum. — Crude  petroleum  and  kerosene  have  come  into 
extensive  use  of  late  for  destroying  the  larvae  of  yellow-fever- 
and  malaria-  bearing  mosquitoes.  The  oil  is  spread  on  the  sur- 
face of  pools  infested  by  these  insects. 

Potassium  Permanganate.  —  This  is  an  efficient  oxidizing 
germicide.  The  tubercle  bacillus  is  the  only  common  patho- 
genic germ  which  withstands  the  action  of  a  5-per-cent.  solu- 
tion. The  drug  is  not  adapted  to  internal  administration,  since 
it  is  quite  irritating  to  the  stomach ;  in  the  presence  of  readily 
combustible  substances  it  has  sometimes  exploded.  According 
to  Weir  Mitchell,  it  is  the  most  efficacious  local  antidote  for 
snake-bite. 

KMn04  has  of  late  years  risen  to  prominence  as  a  dis- 
infectant for  the  surgeon's  hands.  The  method,  introduced  by 
Kelly,  consists  of  three  steps:  first,  scrubbing  the  arms,  hands, 
and  nails  thoroughly  with  soap  and  hot  water;  second,  immer- 
sion of  the  parts  in  a  saturated  solution  of  permanganate; 
third,  washing  off  the  K  salt  with  a  saturated  aqueous  solution 
of  oxalic  acid  imtil  the  purple  color  has  all  been  removed. 
Oxalic  acid  itself  is  a  strong  antiseptic,  and  so  reinforces  the 
action  of  the  permanganate.  The  resulting  itching  of  the  skin, 
if  annoying,  may  be  relieved  by  bathing  with  sterilized  lime- 
water,  also  an  antiseptic. 

Peroxid  of  Hy&ogen. — ^This  is  likewise  an  oxidizant,  lib- 
erating free  0  (ordinarily  about  10  volumes)  in  the  presence 
of  all  kinds  of  organic  matter.  It  seems  to  have  a  special 
affinity  for  pus,  and  may  be  used  to  detect  the  presence  of  a 
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purulent  secrctiou  in  a  cavity,  by  the  effervescence  which  en- 
sues on  injecting  the  fluid.  The  principal  objection  to  the 
remedy  is  its  instability  and  tiie  consequent  uncertainty  of  each 
specimen.  Other  disadvantages  are  its  corrosive  action  upon 
metals  and  the  danger  of  explosion  of  the  confined  fluid  when 
heated. 

Quinin.  —  The  salts  of  quinin  have  a  epccial  destructive 
predilection  for  the  Plasmoditim  malaria,  even  in  as  weak  solu- 
tion as  1  to  20,000.  The  sulphate  is  generally  antiseptic  in  the 
strength  of  1  to  800;  the  hydrochlorate,  1  to  9"00. 

£eEorcin. — This  benzene  derivative  has  come  into  promi- 
nence as  a  gastrointestinal  antiseptic  and  as  an  ingredient 
of  soaps  and  ointments  for  parasitic  and  scaly  skin  diseaseB. 
Large  doses,  V-i  dram  or  more,  induce  the  symptoms  of  depres- 
sion characteristic  of  phenol  compounds. 

Salicylic  Acid. — According  to  Miqne!,  this  product  is  anti- 
septic in  the  strenpth  of  1  to  1000.  Its  unquestioned  efficacy 
in  rheumatism  probably  depends  on  its  antiseptic  properties. 
It  is  not  a  good  dressing  for  wounds,  since  it  irritates  and 
macerates  the  tissues  and  does  not  stay  in  place.  The  internal 
administration  of  the  acid  made  from  phenol,  particularly,  may 
cause  roaring  in  the  ears,  headache,  delirium,  and  erythema; 
48  grains,  taken  within  four  hours,  have  produced  death  in  an 
adult. 

Salol.— The  salicylate  of  phenol  js  broken  up  by  the  pan- 
creatic juice  into  carbolic  and  salicylic  acids.  It  lias  been  used 
extensively  for  infectious  intestinal  diseases  and  even  for  chol- 
era, but  Reiche  states  that  in  the  Hamburg  epidemic  of  1893 
salol  was  an  utter  failure. 

Silver  Nitrate.  —  This  wcU-known  compound  has  been 
rated  by  Behiing  next  to  HgCla  in  antiseptic  potency.  It  can 
be  utilized  in  nearly  all  inflammatory  and  ulcerative  states  of 
the  mucous  membrane.  Perhaps  its  most  noteworthy  applica- 
tion is  in  ophthalmia  neonatorum.  The  use  of  AgNOs  as  an 
antiseptic  is  limited  by  the  discoloration  of  the  tissues  which 
it  produces,  its  neutralization  by  NaCI  in  the  secretions,  and 
the  possible  dangers  of  argyria.  There  ore  many  excellent  sub- 
stitutes for  AgNO.i. 

Soap. — According  to  Parkes,  ordinary  soap  possesses  marked 
disinfectant  properties.  He  adds  that  there  is  little  or  no  ad- 
vantage in  using  soaps  impregnated  with  small  quantities  of 
disinfectants.  A  2-  to  4-per-cent.  boiling  solution  of  washing 
soda  is  likewise  an  effective  detergent. 

SoEoiodolic  Acid. — This  is  a  diiodoptienolsul phonic  acid, 
CoHaSsOn.SO.jII.SHaO.  It  is  used  in  2-  or  3-per-cent.  aqueous 
solution.  The  salts  of  this  acid  with  Na,  Zn,  Pb,  and  Hg  are 
called  iodozols. 

Solphorous  Acid. — The  gas,  SOa,  produced  by  the  burning 
of  S,  unites  with  aqueous  vapor  to  form  the  strongly  germicidal 
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H2SO3.  The  dry  gas  is  but  freely  destructive  of  germs;  hence 
the  necessity  of  placing  the  sulphur  dish  in  a  vessel  of  water 
or  of  spraying  objects  beforehand  with  an  atomizer.  The  H2SO3 
thus  produced  kills  the  bacillus  of  anthrax  in  5-per-cent.  solution 
or  non-spore-bearers  in  1-per-cent.  solution  within  twenty-four 
hours;  also  flies,  mosquitoes,  bugs,  and  rats.  For  fumigation 
three  pounds  of  S  are  required  for  each  thousand  cubic  feet  of 
space — 4:  per  cent,  of  SO2.  The  fumigation  should  last  at  least 
twelve  hours,  with  doors  and  windows  closed  and  the  cracks  well 
stuffed  with  cotton.  SO2  has  the  disadvantages  of  corroding 
metals  and  bleaching  colored  fabrics.  Liquid  SO2  ( —  18°)  is 
sold  in  glass  siphons  or  metallic  holders  for  disinfectant  and 
refrigerant  purposes. 

Tannic  Acid. — In  addition  to  its  valuable  astringent  proper- 
ties, Abbott  has  found  that  this  drug  is  antiseptic  in  solutions 
of  1  to  400. 

Thymol.  —  This  stearopten  has  one-fourth  the  antiseptic 
potency  of  carbolic  acid.  It  is  used  for  respiratory  affections 
in  the  form  of  sprays  or  inhalations,  and  externally  in  oint- 
ments for  scaly  skin  diseases.  Thymol  has  a  pleasant  odor, 
attractive  to  "flies,  unfortunately.  It  is  specific  afijainst  the  hook- 
worm. 

Tricresol.  —  This  colorless  mixture  of  the  three  cresols 
(ortho,  meta,  para)  is  freely  soluble  in  water^^  and  is  a  much 
more  effective  germicide  than  phenol,  while  it  is  not  so  corrosive 
or  poisonous.  It  is  employed  as  a  preservative  of  antitoxic  sera. 
Saponified  or  as  cresol  salts,  the  cresols  readily  penetrate  albu- 
minous matter. 

Turpentine.  —  The  oil  of  turpentine  and  its  derivatives, 
terebene  and  terpin  hydrate,  are  of  some  power  as  antiseptic 
agents,  but  are  too  irritating  for  surgical  ends,  as  a  rule.  Tur- 
pentine, in  conjunction  with  tincture  of  iodin,  is  a  very  valu- 
able application  for  ringworm. 

Urotropin.  —  Hexamethylentetramin  is  a  valuable  urinary 
antiseptic,  especially  after  typhoid  fever.  It  liberates  formal- 
dehyd  in  the  urinary  passages  only  when  the  urine  is  acid.  It  is 
probably  our  best  general  internal  antiseptic  (B.  coli  infection, 
meningitis,  cholangitis,  purulent  otitis  media). 

Vinegar. — Klein  and  McClintock  agree  that  dilute  acetic 
acid  (7  per  cent.)  is  as  efficient  in  preventing  the  growth  of 
micro-organisms  as  is  a  1  to  1000  solution  of  HgCl2.  Kitasato 
found  that  a  3-per-cent.  solution  of  the  acid  kills  typhoid  ba- 
cilli in  five  hours.    Acids  generally  are  inimical  to  germ-life. 

Zinc  Phenolsnlphonate  (Sulphocarbolate). — This  is  an  ex- 
cellent astringent  antiseptic  for  internal  use  (dose,  2  grains) 
and  for  local  application  (3  grains  per  ounce)  in  skin  cGseases, 
sore  throat  and  leucorrhea. 
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I  the  prewnoe 


1.  Explain  darkening  of   permanganate   eulutiot 
«f  reducing  agents. 

"     2.  How  detect  NajCO^  in  reaidue  from  evaporated  niilkf 

3.  What  IB  (orm«U  when  NII3  combines  with  UCOH  after  disin- 
fecting a  sick-TooniT 

4.  Name  five  oxidizing  diBinfectants. 

5.  What  ore  the  final  prodiiela  of  the  oxidation  of  organic  niattetl 
0.  Name  two  reducing  disinfectants. 

7,  Name  three  I'oagulating  disinfeelants, 

8.  Name  an  oxidiiing  and  an  absorbing  deodorizer, 
a.  Eow  remove  acidi^  due  to  COj  from  waterT 

10.  How  does  pumping  conaiderably  from  u  farm  well  increase  th« 
amount  of  impurities  in  the  nalerT 

11.  How  does  agitation  with  iron  filings  purify  drinking- water  I 

12.  Why  is  deep  well  water  harder  than  rain  water! 

13.  Wliy  is  soft  wat«r  better  than  hard  for  liotling  meat  and 
vegetables ! 

14.  Are  plants  in  sleeping- room  a  healthful  or  not? 

15.  To  lest  the  air  of  a  certain  room  quantitatively  tor  COj,  it 
the  flask  is  brought  from  witliout  the  room,  how  can  you  empty  the  air 
already  in  it  and  fill  it  with  the  air  of  the  apartment  to  be  tested  I 

16.  What  is  the  yellowish  color  produced  by  nesslerizingT 

17.  Why  should  all  cellars  be  cemented! 

18.  With  a  blotting-paper  and  suitable  reagents  how  could  jrou 
prove  the  presence  in  the  air  of  NHg,  H-S,  oeone,  SO2,  or  CI! 

19.  Why  '*  *^^  presence  of  NH4  compounds  in  deep  water  of  leas 
serioud  significance  than  in  surface-  or  subsoil-waters! 

20.  How  prove  the  presence  of  alum  in  a  baking-powder! 

21.  Explain  the  corrosive  effect  of  HgCI^  on  surgical  instruments. 

22.  Bow  much  carbolic  acid  is  needed  to  disinfect  a  pint  of  tuber- 
culous sputum  * 

23.  How  often  ebould  the  air  be  changed  in  a  sleeping-room 
12  X  14  X  9.  occupied  by  man,  wife,  and  child! 

24.  Describe   the  changes  which   organic  matter  undergoes  in  the 

25.  Write  e<{uation  for  the  reaction  between  oxalic  acid  and  potai- 
Bium  permanganate. 

2S,  What  objection  to  throwing  much  ohloriuated  litne  down  drainst 

27.  The  phnrmacopoial  limit  of  KjCOj  in  KBr  is  0.138  per  cent- 
Directions  are  mven  to  add  to  1  gm.  of  the  salt  in  10  c.r,  of  water  0.02 
c.c.  of  normal  H^SO^,  aft«r  which  phenolphthalein  should  give  no  color 
unless  the  carbonate  is  in  excess.    Give  reasons. 

28.  If  a  few  drops  of  (NH,  l^S,  added  to  a  tall  cylinder  of  water, 
give  a  brown-black  coloration  not  cleared  by  HCl  or  KCN,  what  poison- 
ous metal  is  present? 

20.  How  can  one  separate  metallic  Fe  from  tea,  which  it  is  some- 
times used  to  adulterate! 

30.  If  blotting-pa|)er.  soaked  in  vinegar  and  dried  at  a  gentle  heat, 
becomes  blackened,  what  adulterant  is  probably  present! 

31.  How  do  lannin  ronipniind»  net   as  intestinal  disinfectants! 

32.  Why  does  stagnant  water  become  putrid! 

33.  If  Na^COs  added  to  a  solution  of  Uble  salt  yields  a  whit«  ppt, 
what  impurity  is  present! 

34.  Why  should  KUnO^  not  be  employed  for  disinfecting  clothing! 
.tS.  Why  are  new-built  houses  persistently  damp! 

'    36.  What  does  a  sp.  gr.  aboi-e  D.SIT  indicate  as  regards  the  purity 
of  olive-oil ! 
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37.  Explain  the  principle  involved  in  sterilizing  catgut  by  boiling 
with   (NH4)2S04  solution. 

38.  Reason  out  a  method  of  separating  Li  salts  from  other  alkaline 
salts  in  natural  waters. 

39.  How  detect  the  presence  and  determine  amount  of  water  in 
lard? 

40.  Give  a  simple  test  for  detecting  presence  of  CUSO4  in  pickles 
or  peas. 

41.  If  the  ends  of  a  can  of  vegetables  are  swelled  out,  giving  a 
hollow  sound  on  striking,  what  does  this  signify? 

42.  Aristol  has  sometimes  been  substituted  with  a  mixture  of 
boric  acid  and  acetanilid  colored  with  Fe203.  How  could  you  detect 
each  of  these? 

43.  Mention  the  chief  distinctions  between  "oleo''  and  true  butter. 

44.  How  detect  the  presence  of  glucose  in  honey  ? 

45.  Which  spice  contains  normally  considerable  starch? 

46.  How  determine  the  percentage  of  water  in  flour  or  bread? 

47.  Name  two  poisonous  elements  which  may  be  present  accident- 
ally in  food  or  drink. 

48.  Why  do  canned  blueberries  often  have  a  "tinny"  taste? 

49.  What  substance  is  used  to  give  stale  meat  a  fresh  appearance? 

50.  Why  are  the  tests  for  formaldehyd  less  likely  to  react  with 
sour  than  with  sweet  milk? 

51.  How  detect  the  presence  of  paraffin  in  candies? 

52.  What  very  poisonous  liquid  has  sometimes  been  used  in 
galenic  preparations  in  place  of  official  alcohol? 


TOXICOLOGY. 


DEFINITION. 

To  DEFINE  a  poison  is  about  as  difficult  as  to  explain  the 
signification  of  a  weed.  All  medicines  of  any  stren^h  what- 
ever may  produce  toxic  effects;  in  fact,  with  tlie  ancient  Greeks 
the  same  word  was  used  to  ejcprees  both  a  poison  and  a  medi- 
cine. One-half  pound  of  common  salt,  taken  for  tapeworm  (and 
4  ounces  of  concentrated  solution  injected  Bubdermically),  has 
cauped  death  by  its  paralyzing  effect  upon  the  ncr\-ous  system. 
Perhaps  the  best  definition  of  a  poison,  then,  is  any  substance 
which  acts  injuriously  within  and  upon  the  human  body,  and 
is  capable  of  causing  death  in  a  way  not  merely  mechanic. 
Thus  an  injury  or  boiling  water  or  steam  may  prove  fatal,  but, 
being  mechanic  in  nature,  they  should  not  be  classed  as  poisons. 
According  to  Brouardel,  25  to  30  per  cent,  of  all  cases  of  sudden 
death  are  without  any  discoverable  lesion. 

The  toxic  power  of  elements  (Loeh)  is  inversely  proportional 
to  their  solution  tensions:  i.e.,  the  elements  which  most  easily 
give  up  their  electric  charges  are  the  most  poisonous.  The  toxic 
action  of  any  salt  is  inversely  proportional  to  the  sum  of  solution 
tensions  of  both  its  ions :  i.e.,  to  the  decomposition  tension  of  the 
salt. 

ACUTE  POISONING. 

Poisons  may  be  introduced  into  the  body  by  the  mouth, 
lungs,  rectum,  vagina,  skin,  or  by  hypodermic  or  intravenous 
injection.  Toxic  agents  that  are  most  soluble  and  diffusible 
are  most  rapidly  fatal,  especially  when  inhaled  or  injected  in- 
travenously. Insoluble  substances  have  no  action  on  the  system 
until  they  have  been  more  or  less  dissolved  by  the  digestive 
secretions,  A  few  poisons  (curare,  snake-venom,  and  the  virus 
of  syphilis,  glanders,  and  small-pox)  are  comparatively  harmless 
when  swallowed,  though  most  deadly  when  introduced  directly 
into  the  blood,  as  through  a  hite  or  wound.  Sleep  or  a  full 
stomach  may  delay  the  absorption  of  a  poison,  and  consequently 
the  toxic  symptoms,  for  several  hours.  The  circulating  poison 
is  gradually  eliminated  (As  in  fifteen  to  thirty  days.  Sb  in  four 
months,  Ph  in  eight  months  or  more),  a  part  having  been  stored 
up  in  the  tissues  for  a  variable  period.  It  is  believed  that  toxic 
effects  are  due  entirely  to  that  portion  of  the  poison  present  in 
the  capillaries.  Gaseous  poisons  appear  to  be  eliminated  almost 
instantly  by  the  lungs,  no  matter  how  introduced,     A  poison 
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may  gain  entrance  into  the  human  system  through  the  body  of  an 
animal  without  the  latter  being  affected  by  it.  Thus,  cows  and 
goats  feed  on  stramonium  with  impunity,  yet  their  milk  becomes 
poisonous  to  human  beings.  Babbits  are  immime  to  belladonna, 
but  their  flesh,  after  eating  this  plant,  is  poisonous  to  man. 
Honey  made  from  gelsemium  has  caused  poisoning. 

How  shall  we  determine  that  a  person  has  been  poisoned, 
accidentally  or  feloniously?  Usually  by  the  sudden  advent  of 
suspicious  symptoms  shortly  after  taking  food  or  drink  (espe- 
cially if  several  persons  are  similarly  affected),  if  accidental  or 
homicidal ;  if  suicidal,  traces  of  the  poison  itself,  and  not  infre- 
quently the  container,  are  to  be  found.  In  most  cases  the  indi- 
vidual affected  has  been  in  previous  good  health.  Symptoms  of 
poisoning  may  be  masked  by  alcoholism  or  sickness.  Organic 
renal  disease,  by  retarding  elimination,  may  increase  toxic  effects. 
The  influence  of  personal  idiosyncrasy  (see  table  of  ^TJntoward 
Effects  of  Drugs")  to  certain  foods  and  drugs  should  always  be 
considered  in  a  case  of  suspected  poisoning.  Young  children 
are  more  tolerant  than  adults  of  calomel  and  belladonna;  less 
tolerant  of  opiates.  Poisonous  plants  have  frequently  a  lurid 
purple  color,  a  narcotic  odor  and  an  acrid  taste,  and  many  of 
them  have  a  milky  juice. 

The  most  common  symptoms  of  acute  poisoning  are  vio- 
lent pain,  vomiting,  purging,  convulsions,  delirium,  and  drowsi- 
ness: one  or  a  few  or  all  of  these.  It  must  not  be  forgotten, 
however,  that  toxic  symptoms  are  simulated  by  many  diseased 
conditions.  Thus,  cholera,  cholera  morbus,  perforative  perito- 
nitis, ileus,  and  hernia  resemble  acute  As  poisoning  as  to  the 
pain,  vomiting,  and  purging;  hydrargyrism  appears  ipuch  like 
dysentery;  strychnin  poisoning  closely  simulates  tetanus;  and 
coma  is  the  foremost  symptom  in  apoplexy,  alcoholism,  and  in- 
solation, as  well  as  in  opium  poisoning.  Food  poisoning  may 
resemble  poisoning  by  arsenic,  opium,  belladonna,  etc. 

Even  the  post-mortem  appearances  of  disease  may  resemble 
those  found  after  death  from  poisoning,  and  the  poison  may 
indeed  have  been  introduced  into  the  body  after  death,  as  by 
embalming  processes  or  by  injection  into  the  stomach  or  the 
rectum.  In  the  latter  event  some  of  the  poison  will  pass  by 
osmosis  into  the  liver  and  other  adjacent  viscera.  Sodium  ar- 
senate solutions  are  so;netimes  pumped  through  the  nostrils  into 
the  stomach  by  embalmers,  permeating  the  whole  body  in  twelve, 
days.  Suffocation  by  inhalation  of  vomited  matters  is  often  the 
direct  cause  of  death  in  alcoholism  and  CO  poisoning. 

Circumstantial  evidence,  such  as  flnding  poison  in  the  food 
or  drink,  is  of  great  importance,  but  is  not  ^solutely  conclusive. 
The  ordinary  chemic  tests  are  generally  sufficient  for  revealing 
the  presence  of  a  poison  in  a  body,  but  one  must  bear  in  mind 
how  closely  certain  ptomains  resemble  in  reaction  the  vegetable 


ACUTE  POISONING. 


395 


alkaloids.     A  person  may  die  from  the  action  of  a  poison,  and 
none  be  fonnd  in  the  stomach. 

Haines  recommends  to  wash  each  article  of  chemic  apparatus 
just  before  using  it,  with  dilute  alcoholic  KOH,  then  with  warm 
dilute  HCl,  and  finally  with  an  abundance  of  warm  water.  Weigh 
and  measure  the  organs  and  their  contents.  Comminute  the  tia- 
sues  finely  with  scissors,  chopping-knife  or  bashing-machine,  or 
pulverize  in  a  mortar,  and  divide  into  three  parts:  (1)  for  vola- 
tile and  mineral  poisons;  (2)  for  organic  poisons,  and  (3)  as  a 
reserve  against  accidents.  A  fourth  part  may  be  needed  if  the 
circumstances  point  to  caustic  alkalies  or  corrosive  acids. 

To  separate  inorganic  substances  for  chemic  analj'sis  boil  the 
finely  minced  Btomach  or  other  matters  with  HCl  and  crystals  of 
KCIO3  until  a  straw-colored  liquid  results ;  treat  this  with  Na- 
HSO3  till  a  distinct  odor  of  SO2  is  noted ;  then  pass  HjS  through 
the  concentrated  liquid,  throwing  down  most  metals  as  sulphids, 
which  a  bead  is  readily  obtained  by  reduction.  Such  de- 
rnctive  methods  cannot  be  used  for  isolating  organic  compounds, 
■lysis  18  a  ready  means  of  separating  crystalloid  poisons  from 
i  colloids  in  the  stomach  or  intestines,  A  wide  dialyzer  (S  to 
I  inches  by  3  or  3  high)  should  be  employed  for  twenty-four 
hours,  having  the  two  liquids  at  the  same  level.  If  the  amount 
of  the  poison  is  small,  or  if  it  has  entered  into  firm  proteid  com- 
binations, very  little  may  pass  into  the  outer  fluid, 

Microchemie  methods  are  of  special  service  in  medico-legal 
cases.  In  case  of  doubt  physiologic  tests  should  be  made  upon 
living  animals,  with  control  tests  with  equivalent  amounts  of  the 
substance  suspected  to  he  present.  Distillation  is  indicated  in  the 
separation  of  HON"  and  other  volatile  compounds.  Alkaloids  are 
isolated  by  acidulnting  the  suspected  material,  heating  carefully 
over  the  water-bath,  filtering,  washing  with  boiling  distilled 
water,  evaporating  the  filtrate,  rubbing  up  residue  with  distilled 
water,  and  again  filtering  until  a  fairly  pure  product  is  obtained; 
then  neutralizing  with  NaHCOs,  taking  up  freed  alkaloid  with 
ether  or  chloroform  and  evaporating  spontaneously,  leaving  the 
pure  alkaloid  ready  for  testing.  If  proteins  are  present,  they  i 
should  be  pptd,  by  warming  (40°)  for  several  hours  with  alco-  , 
hoi,  before  neutralizing  with  NaHCOj,  Na^tCOa  or  NaOH. 

Stas's  method  for  separating  morphin  and  strychnin  from 
other  substances  is  to  render  the  matter  alkaline  with  NajCOs 
and  shake  liquid  with  four  volumes  of  ether  or  amylic  alcohol 
(best  for  morphin)  ;  let  fluids  separate,  remove  ethereal  or  alco- 
holic solution,  and  allow  to  evaporate- 
To  separate  vegetable  alkaloids  from  putrefactive  products, 
Vanghan  uses  a  lO-per-cent.  solution  of  tannic  acid  in  glycerin, 
raising  the  temperature  to  GO'-TO"  for  two  hours.  This  method, 
he  says,  does  not  wholly  solve  the  difficulty  in  isolating  morphin 
from  simulating  putrefactive  bodies. 
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The  local  effects  of  poisons  include  erosion  of  mucous 
membrane  (mineral  acids  and  caustic  alkalies),  irritation  or 
inflammation  (irritant  poisons  generally),  and  special  sensa- 
tions, such  as  the  tingling  of  the  tongue  produced  by  aconite, 
the  dry  throat  of  belladonna,  and  the  local  anesthesia  of  cocain. 
The  mouth  is  bleached  in  poisoning  by  carbolic  acid,  HgCU, 
AgNOa,  potash,  or  soda  (mucosa  swollen,  translucent,  brown, 
and  soapy).  The  odor  of  the  drug  on  the  breath  is  perceptible 
in  poisoning  by  HON,  laudanum,  alcohol,  phenol,  creosote, 
chloroform,  I,  P,  camphor,  nitrobenzol,  NH3  and  acetic  acid. 
Certain  poisons  have  an  elective  aflBnity  for  various  organs,  as 
strychnin  for  the  spinal  cord,  prussic  acid  for  the  heart,  and 
opium  for  the  brain.  Very  concentrated  solutions  of  salts  in 
contact  with  living  cells  withdraw  fluids  from  the  cells  and  ppt. 
their  proteids,  causing  irritation,  pain,  nausea,  vomiting,  tremors, 
convulsions  or  paralysis. 

The  remote  effects  of  poisons  are  either  common,  as  fever, 
or  specific.  Thus,  the  pupils  are  dilated  by  belladonna,  atropin, 
hyoscyamus,  stramonium,  aconite,  alcohol,  chloroform,  conium, 
and  opium  (last  stage).  They  are  contracted  by  opiates,  eserin, 
phenol,  or  chloral  (during  sleep).  Coma  is  noted  with  opiates, 
alcohol,  chloral,  chloroform,  carbolic  acid,  and  camphor.  The 
chief  deliriants  are  the  nightshade  family,  cannabis  Indica,  alco- 
hol, and  camphor.  Convulsions  are  common  symptoms  with 
nearly  every  kind  of  poison,  being  probably  due  to  reflex  action, 
in  the  same  way  as  teething  or  worms  may  excite  them.  Tet- 
anic spasms  are  observed  with  nux  vomica  or  strychnin,  and 
less  often  from  brucin,  Sb,  As,  or  even  intense  pain.  Paralysis 
may  occur  in  poisoning  by  eserin,  conium  (from  below  upward), 
aconite,  and  in  chronic  metallic  poisoning.  The  mouth  and 
tongue  are  dry  in  belladonna,  hyoscyamus,  stramonium,  and 
opium  poisoning.  Salivation  may  be  due  to  Hg,  As,  NH3,  pilo- 
carpin,  muscarin,  cantharis,  and  corrosives  generally.  The  skin 
is  dry  in  poisoning  by  any  of  the  nightshade  family.  It  is  moist 
in  poisoning  by  opium  and  depressants  generally  (aconite,  alco- 
hol, tobacco,  lobelia,  Sb,  etc.).  A  scarlet  rash  is  noted  in  bella- 
donna or  stramonium  poisoning  and  in  ptomain  poisoning  from 
decayed  meat  or  fish;  urticaria  in  opium,  chloral,  cubebs,  and 
salicylic  acid ;  eczema  from  As ;  acne  from  tar  or  KBr ;  pustular 
eruptions  from  Sb  or  croton-oil;  petechias  from  KI. 

The  blood  is  turned  carmine  by  CO,  H3AS,  and  KCN; 
dark-red  by  CO2  and  acid  gases  (tarry) ;  dark  by  HCN;  brick- 
red  (in  contact)  by  carbolic  acid;  black  in  contact  with  HNO3 
and  other  corrosives;  chocolate-brown,  with  destruction  of  red 
cells,  by  reducing  agents;  dark  and  free  from  clots  in  alcohol 
and  narcotic  poisoning  and  all  conditions  causing  death  by 
asphyxia  (nitrobenzol,  strychnin,  belladonna,  most  glucosids, 
H2S,  KCIO3,  K2Cr207)  or  syncope  (aconite,  digitalis) ;  fatty 
and  non-coagulable  in  P  poisoning. 
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Concerning  the  effects  of  poisons  upon  gaaeoua  exchange 
(Kravkoff),  there  is  a  marked  increase,  particularly  of  0  (rais- 
ing temperature),  with  strychnin  and  atropin;  a  lessened  0-con- 
Bomption  with  morphin  and  its  derivatives,  cyanids  and  pilo- 
carpin.  Digitalis  increases  the  amount  of  0  consumed  by  the 
tissues,  but  not  the  CO2  eliminated. 

The  medico-legal  duties  of  the  practitioner  in  cases  of  sup- 
posed poisoning  are:  first,  to  preserve  the  life  of  the  patient 
if  possible;  and,  second,  to  forward  justice  by  writing  down  his 
observations  on  the  case  as  quickly  as  practicable.  He  should 
also  take  charge  of  any  suspected  food,  medicine,  vomit,  urine, 
or  feces,  and  seal  them  in  new,  clean  vessels  duly  labeled  for 
examination. 

In  the  post-mortem  examination  (preferably  within  twenty- 
four  hours)  a  double  ligature  should  be  passed  around  the 
esophagus  in  the  cheft,  and  another  around  the  duodenum  a 
few  inches  below  the  pylorus.  The  stomach  is  removed  intact 
by  cutting  betn'een  each  pair  of  ligatures,  and  is  opened  along 
the  lesser  curvature  as  soon  as  possible  and  its  lining  spread  out 
and  examined  with  a  hand-lens  for  particles  of  poison.  Another 
ligature  should  be  tied  low  down  in  the  rectum  and  the  intestine 
removed  to  a  separate  clean  vessel  and  scrutinized  carefully. 
As  much  blood  as  possible  should  be  secured  for  the  chemist; 
also  a  part  or  the  whole  of  the  liver,  brain,  spina!  cord,  kidney, 
spleen,  and  thoracic  viscera,  and  a  large  piece  of  muscle  from 
tfie  thigh  or  a  portion  of  bone.  In  corrosive  poisoning  the 
mouth,  esophagus,  stomach,  and  duodenum  should  be  removed 
together.  Poisons  are  found  in  their  greatest  purity  in  the 
kidneys  and  urine.  Hg  is  excreted  largely  iu  the  saliva.  The 
normal  vivid  congestion  of  the  stomach  after  meals  and  the 
common  post-mortem  suffusions  and  autodigestion  of  the  stom- 
ach ought  not  to  be  mistaken  for  toxic  lesions.  Perforation  due 
to  a  corrosive  differs  from  the  small  aperture  of  disease  in  being 
large  and  ragged,  with  soft,  friable  edges. 

The  dark  color  produced  by  caustic  alkalies.  HCl,  HgSOj, 
and  o.'^nlic  acid  is  due  to  imbibition  of  altered  hematin.  In 
HgCln,  or  phenol  poisoning,  the  blood  shows  through  as  a  bright 
brick-red.  Mildly  irritant  poisons  cause  only  cloudy  swelling 
of  the  viscera.  The  post-mortem  appearances  produced  by  no 
poison  are  always  the  same. 

The  post-mortem  examination  should  be  as  thorough  as 
possible  in  order  to  discover  if  the  sudden  and  fatal  end  were 
not  due  to  some  latent  disease;  for  instance,  to  the  perforntion 
of  an  unrecognized  gastric  or  typhoid  ulcer.  The  mouth,  lips, 
and  tongue  should  be  carefully  examined  for  stains  or  erosions, 
and  the  akin  for  hypodemiic  punctures. 

Decomposition  of  organs  is  best  prevented  by  freezing,  but 
pure  alcohol  may  be  utilized  if  necessary.  The  presence  of  As 
or  Sb  in  appreciable  quantities  retards  putrefaction  for  long 
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periods,  though  mummification  is  no  positive  proof  of  arsenical 
poisoning.  The  jars  should  be  sealed  by  attaching  tape  to  both 
jar  and  cover  by  means  of  sealing-wax,  the  seal  being  retained, 
and  a  signed  and  dated  label  should  be  placed  on  each  jar. 

For  practical  purposes  acute  poisons  may  be  divided  into 
three  main  classes:  corrosives,  irritants,  and  neurotics.  The 
first  two  aflfect  principally  the  alimentary  tract;  the  last,  the 
nervous  system.  Corrosive  poisons  differ  from  irritants  mainly 
in  the  intensity  and  rapidity  of  the  S}Tnptoms,  and  a  drug  may 
be  either  irritant  or  corrosive  according  to  the  amount  ingested 
or  the  degree  of  dilution.  The  cause  of  death  from  irritants 
is  gastroenteritis,  with  or  without  specific  remote  effects.  Cor- 
rosives cause  death  by  acute  larjmgitis  with  edema,  perforation 
of  stomach,  gastroenteritis,  shock,  or  slow  starvation. 

Neurotic  poisons  have  been  subdivided  into  a  number  of 
varieties  corresponding  with  the  leading  or  selective  action  of 
the  various  drugs.  Narcotics  (opium,  for  example)  act  chiefly 
upon  the  brain,  causing  stupor  and  finally  death  from  paralysis 
of  the  vital  nerve-centers.  Anesthetics  produce  fatal  effects 
in  the  same  manner,  or  indirectly  by  mechanic  interference 
with  respiration,  as  when  a  patient  chokes  to  death  from  vom- 
iting of  bronchial  mucus.  The  third  stage  of  alcoholic  inebria- 
tion, like  that  of  anesthesia,  is  simply  a  narcosis,  and  should 
be  treated  in  the  same  manner  as  the  latter.  The  solanaceous 
deliriants  act  chiefly  oji  the  brain,  producing  delirium.  Some 
neurotics  (strychnin,  for  example)  cause  death  by  tetanic  fixa- 
tion of  the  muscles  of  respiration.  The  opposite  condition  of 
motor  paralysis  is  noted  with  conium,  curare,  and  Calabar  bean. 
Others,  like  aconite  and  prussic  acid,  lead  to  death  by  syncope: 
that  is,  cardiac  paralysis.  A  lethal  result  may  follow  over- 
stimulation of  the  heart,  leading  to  exhaustion,  as  in  the  case 
of  digitalis. 

Most  irritant  poisons  belong  to  the  mineral  kingdom,, 
whereas  nearly  all  neurotics  are  of  vegetable  origin.  Animal 
poisons  taken  by  the  mouth  usually  act  as  irritants;  when  re- 
ceived directly  into  the  blood,  as  in  dissection  woimds,  they  play 
the  part  of  depressing  neurotics.  Poisonous  gases  owe  their 
injurious  effects  either  to  an  irritant  congesting  action,  as  CI 
and  Br;  to  chemic  decomposition  of  the  blood,  as  CO  and  H2S;.' 
or  to  a  depressing  influence  upon  the  respiratory  center,  as  CO2. 

The  treatment  of  ordinary  irritant  poisoning  consists,  in 
general,  of  the  following  steps:  1.  The  administration  of  the 
chemic  antidote,  which  means  any  safe  and  proper  substance- 
that  will  form,  with  the  poison,  an  insoluble  or  innocuous  com- 
pound. 2.  The  production  or  encouragement  of  emesis,  or- 
emptying  the  stomach  with  the  siphon  rubber  tube  or  pump. 
Encourage  vomiting  with  copious  draughts  of  tepid  water  con- 
taining oil,  lard  or  butter  (dish-water).  If  the  tube  is  em- 
ployed, the  stomach  may  be  washed  out  with  a  solution  of  the- 
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antidote  or  with  diluted  milk  or  some  other  soothing  licjuid. 
A  fountain  syriiige  can  be  used  very  well  in  place  of  the  stom- 
ach-tube. The  best  systemic  emetic  is  apomorphin  hy d roc hlo rate, 
of  which  )^tj  to  Yio  grain  (for  an  adult)  may  be  injected  Iutjo- 
dermically,  and  be  repeated,  if  necessary,  within  twenty  or  thirty 
minuteB;  this  drug  will  evidently  be  of  no  avail  in  deep  narcosis, 
in  which  condition  we  use  preferably  tlie  tube  or  pump.  In  the 
absence  of  the  above-mentioned  means  of  emesis,  we  naay  employ 
tepid  or  greasy  water  in  quantity,  or  a  dessertepoonful  of  ground 
mustard  or  common  salt  in  a  glass  of  warm  water,  or  ZnSO^,  20 
to  30  grains  (5  grains  for  children)  in  water,  or  for  children  a 
teaspoonful  of  syrup  of  ipecac;  tlie  simple  operation  of  tickling 
the  fauces  is  likewise  not  to  be  despised  as  a  means  to  the  end. 
3.  The  administration  of  demulcent  drinks  to  allay  irritation  and 
prevent,  to  some  e.\tent,  the  further  injurious  action  of  the 
poison.  Mucilaginous  (linseed,  acacia,  barley,  starch  .paste,  ont- 
meal-gniel)  and  albuminous  (eggs  and  milk)  preparations  serve 
a  useful  purpose  here.  4.  Emptying  the  bowels  of  any  poison 
that  may  be  retained  there,  as  well  as  of  the  antidotal  com- 
pounds, which  would  gradually  undergo  solution  and  absorp- 
tion. Castor-oil  (a  tablespoonful )  and  epsom  salts  (1  to  4 
ounces)  are  most  generally  useful.  Croton-oil,  1  to  5  minims 
on  a  bread  pill,  is  quite  efficient.  Senna,  gamboge,  and  other 
drasties  are  best  in  narcotic  poisoning,  "j.  Allaying  pain  by 
hot  externa!  applications  and  morpiiin  hypodermically.  6. 
Combating  shock  with  the  stimulants  at  hand  and  doing  what- 
ever else  judgment  and  common  sense  would  dictate.  7.  Using 
diuretics,  especially  pure  water  copiously,  to  which  small  doses 
of  potassium  acetate  may  be  added.  Catheterize  and  stimulate 
kidneys  with  hot  applications  over  them.  Pilocarpin  hypoder- 
mically may  he  used  as  a  sudorific.  A  useful  measure  is  hypo- 
dennoclysis  (or  enteroclysis  or  intravenous  injection)  with 
phyaiologic  salt  solution  (heaping  teaspoonful  to  quart)  at 
110°  F. 

In  the  treatment  of  corrosive  poisoning  we  use  preferably, 
if  anything,  the  soft-rubber  tube  for  emptying  the  stomach,  on 
account  of  the  danger  of  rupture  of  the  weakened  walls.  Neu- 
rotic poisons  require,  in  addition  to  antidotes  and  evacuation, 
the  administration  of  their  respective  physiologic  antagonists, 
as  chloral  and  chloroform  against  strychnin ;  atropin  and  caiTein 
against  morphin;  brandy  against  aconite,  etc.  It  is  well  to 
be  careful  in  tJiis  connection  .so  as  not  to  subftitute  one  kind 
of  neurotic  poisoning  for  another,  and,  generally  speaking,  not 
more  than  the  physiologic  dose  of  the  opposing  drug  should  be 
exhibited. 

In  the  treatment  of  acute  poisoning  time  is  a  very  impor- 
tant factor,  and  the  measures  employed  should  be  as  rapid  and 
eneigetio  as  possible.  It  will  frequently  occur  thai  some  of  the 
more  eligible  antidotes  are  not  nt  hand,  nor  to  be  had  in  a 
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very  short  time.  While  waiting  for  their  arrival  it  is  well  to 
use  at  once  such  other  remedial  methods  as  knowledge  and 
judgment  will  dictate.  Like  other  derangements  of  the  bodily 
functions,  every  case  of  poisoning  must  be  treated  on  its  pecul- 
iar indications,  and  no  amount  of  infonnation  can  take  the 
place  of  intelligent  presence  of  mind. 

ANTIDOTES  IN  GENERAL. 

Some  antidotes  (milk,  fats,  oils,  powdered  charcoal,  white 
of  eggs)  act  mechanically  by  coating  the  mucous  membrane  or 
enveloping  the  particles  of  poison. 

Magnesia,  1  part  to  25  of  warm  water  (l^^  to  2  ounces 
at  short  intervals),  is  the  most  efficient  antidote  against  acids 
and  acid  salts,  and  is  also  valuable  in  poisoning  by  metallic 
salts,  sucl)  as  arsenic.  Calcium  hydrate  and  carbonate  (milk  of 
lime^  chalk,  egg-  or  oyster-  shells)  are  also  good  antidotes  for 
acids,  especially  oxalic,  and  oxalates.  The  carbonates  and  bicar- 
bonates  of  Na  and  K  may  be  used  against  most  poisonous 
metallic  salts,  particularly  those  of  zinc.  They  are  also  useful 
against  K2Cr207,  forming  the  neutral  chromate.  Ferric  hy- 
droxid  is  the  antidote  pear  excellence  (10  to  1)  for  arsenic.  Soap- 
suds (1  to  4  of  water)  by  the  cupful  is  a  most  effective  antidote 
against  corrosive  acids  and  salts.  Copper  carbonate,  3  to  6 
grains  with  sugar  and  water,  preceded  and  followed  by  an 
emetic,  is  recommended  for  P  poisoning.  Dilute  H2SO4  is  used 
as  an  antidote  for  soluble  salts  of  Pb  and  Ba.  Diluted  NH3 
by  inhalation  is  useful  against  vapors  of  corrosive  acids,  nitro- 
benzol,  CI,  Br,  and  HCN.  Sodium  hyposulphite,  15  grains  in 
very  dilute  solution  frequently  repeated,  is  a  good  antidote  for 
bleaching  powder  and  other  hypochlorites. 

Gum  arable  in  copious  draughts  is  recommended  against 
toxic  symptoms  from  Bi  salts.  Starch  paste  (1  to  15)  neutralizes 
I  and  Br.  Oils  and  fats  are  efficient  antidotes  for  caustic  alka- 
lies and  metallic  oxids.  They  should  be  avoided  in  poisoning 
by  P,  carbolic  acid,  cantharis,  or  Cu  salts.  Weak  vegetable  acids 
are  of  service  against  corrosive  alkalies.  Albumin  is  an  ideal 
antidote  for  most  metallic  salts,  and  is  effective  against  acids, 
alkalies,  I,  Br,  CI,  creosote,  anil  in,  and  alcoholic  solutions  of 
alkaloids.  It  should  be  given  well  diluted  (whites  of  4  eggs  to 
a  quart  of  tepid  water)  and  be  followed  by  emetics  and  cathar- 
tics. Milk  is  a  good  substitute  for  egg-albumin,  but  is  contra- 
indicated  if  fats  are. 

Tannic  acid  (15  to  45  grains  in  a  2-per-cent.  solution  every 
quarter-hour)  is  an  efficient  chemic  antidote  for  all  alkaloidal 
salts  and  for  tartar  emetic.  Its  effect  is  enhanced  by  the  addi- 
tion of  10  per  cent,  of  I.  As  a  household  remedy,  it  may  be 
given  in  the  form  of  a  strong  infusion  or  decoction  of  green  tea. 
H2O2  is  antidotal  to  cyanids,  P,  and  alkaloids.    KMn04,  grain 
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for  grain  of  the  poison  and  well  diluted,  is  useful  as  an  oxidiz- 
inp:  agent  against  all  organic  compounds,  when  the  poison  is 
still  in  the  stomach.  Animal  charcoal  has  ako  been  used  ae  an 
antidote  for  alkaloids,  which  it  renders  more  or  lees  inert  by 
absorbing  them.  Iron  filings  are  antidotal  to  Cu  or  Ilg  poi- 
soning. 

If  the  nature  of  the  poison  is  quite  unknown,  a  harmless 
and  useful  antidotr  is  made  with  equal  parts  of  magnesia,  wood- 
charcoal,  tannic  acid,  and  ferric  hydrate,  given  freely  in  plenty 
of  water. 

COREOSIVES. 

The  general  symptoms  of  corrosive  poisoning  are  severe 
and  immediate  burning  pain  in  the  mouth,  throat,  stomach. 
and  abdomen  (increased  by  pressure) ;  staining  and  erosion  of 
the  mucous  membrane  of  the  mouth  and  throat;  vomiting  of 
stomach  contents,  mixed  with  mucus  and  blood,  and  often  fol- 
lowed by  bloody  purging  (constipation  with  mineral  acids) ; 
great  thirst;  dysphagia,  dyspnea,  aphonia ;  headache  and  marked 
prostration — pulse  small  and  weak,  skin  cool  and  sweating;  coD- 
vulaiona  common;  painful  cramps  in  calves  {coagulation  of 
myosin)  ;  urine  scanty  or  suppressed;  mind  usually  clear; 
peculiar  drawn,  haggard  facies.  The  case  may  end  in  asphyxia, 
atupor  Or  convuhions.  Common  sequels  in  case  of  recovery  are 
nephritic  and  esophageal  stricture.  Copious  dilution  with  water 
or  milk  is  in  order.  Tracheotomy  may  be  re<iuired  for  asphyxia, 
which  a  few  drops  sometimes  excite  when  they  enter  the  larynx. 

SISEIIAX  Acms. 

These  include  nitric,  hydroohloric.  sulphuric,  phosphoric, 
and  chromic.  All  produce  acid  vomit  and  dry,  gray-white 
eschars.  The  tissues  are  stained  yellow  by  nitric;  white  or 
grayish,  turning  brownish,  by  hydrochloric;  light-yellow,  be- 
coming gray-brown,  by  chromic;  dark  gray-brown  and  deep 
eschars  by  sulphuric  acid  (swollen  tongue).  The  vomit  is  brown 
with  nitric  acid;  dark-yellow  with  hydrochloric;  dark  with 
sulphuric,  and  yellow-red  or  green  with  chromic.  Black  woolen 
cloth  is  stained  yellow  by  nitric  acid  (quickly  burns  a  hole) ; 
bright-red  or  green  by  hydrochloric ;  wet-red  by  sulphuric.  The 
H2SO4  stain  soon  becomes  rotten.  It  is  red  at  first,  then  A\Tty 
hrown  (yellow  with  logwood  and  madder;  no  change  with  in- 
digo). Mineral  acids  in  the  blood  ppt,  proteins  and  decompose 
hemoffloMn.     Distrcsi^ing  eructations  of  g^  occur  with  HNO3. 

The  smallest  fatal  dose  of  mineral  acids  ranges  from  1 
dram  HaSO^  and  3  drams  HNO3  to  4  drams  HCl;  leas  than 
14  grain  of  CrOs  has  proved  fatal.  The  usual  period  of  death 
is  from  eighteen  to  twenty-four  hours,  though  much  sooner  if 
the  acid  acta  directly  on  the  respiratory  apparatus.     The  best 
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antidotes  for  the  mineral  acids  are  mild  alkaline  drinks  ad 
libitum,  such  as  lime-water,  soapsuds,  and  calcined  magnesia 
suspended  in  milk.  If  these  are  not  at  hand,  give  lime  from 
the  walls,  chalk,  or  baking-soda.  Dilute  the  acid  with  plenty 
of  water.  Small  pieces  of  ice  may  be  given  for  too  severe  retch- 
ing. Coma  may  be  opposed  by  intravenous  injections  of  Na2C03. 
For  external  vitriol  bums  soda  is  a  good  antidote  after  wiping 
off  the  acid  with  a  dry  cloth. 

VEGETABLE  ACIDS. 

These  also  produce  acid  vomit  and  dry,  white  eschars. 
Oxalic  acid  (sometimes  mistaken  for  epsom  salt)  is  characterized 
by  a  very  sour  taste;  it  may  produce  aphonia,  tingling, 
muscular  twitching,  coma,  collapse  or  tetanic  convulsions.  It 
causes  an  orange  stain  on  black  cloth.  A  dram  has  produced 
death  within  an  hour  (shortest  fatal  period  3  minutes).  Crystals 
of  CaC204  are  found  in  the  urinary  tubules.  Acetic  acid  is  dis- 
tinguished by  the  odor  of  vinegar.  Grayish  or  blackish  eschars 
may  be  seen  in  the  mouth.  Tartaric  acid  yields  a  burnt-sugar 
odor  on  heating.  Lime-water  is  a  good  antidote  for  all  three 
vegetable  acids,  particularly  for  oxalic.  Other  antidotes  for  the 
other  acids  are  magnesia,  soapsuds,  chalk,  baking-soda,  wall- 
plaster,  whiting,  and  tooth-powders.  Other  alkalies  than  lime- 
water  should  be  avoided  with  oxalic  acid,  since  alkaline  oxalates 
are  soluble.  The  oxalate  ion  has  a  specific  toxicity  to  all  pro- 
toplasm, probably  by  rendering  Ca  insoluble. 

CAUSTIC  ALKALIES. 

This  class  includes  alkaline  hydrates  and  oxids  and  car- 
bonates^ (lye,  washing-soda,  sal  volatile).  They  produce  brown- 
ish, ropy,  alkaline,  mucous,  bloody,  soapy,  frothy  vomit  and 
wet,  sloughing  sores  (raw,  brown  tongue  and  lips).  They  have 
a  very  acrid,  burning  taste.  Edema  glottidis  is  very  liable  to  be 
caused  by  ammonia.  Strong  hydrates  leave  a  brown  stain  on 
black  cloth.  The  smallest  fatal  dose  on  record  is  30  grains  of 
potassa. 

Death  usually  takes  place  within  a  few  hours.  Caustic 
alkalies  are  safely  and  readilv  neutralized  bv  an  abundance  of 
any  fixed  oil  (linseed,  almond,  olive,  cottonseed)  or  fat  (butter, 
lard),  forming  thereby  a  soap.  Weak  vegetable  acids,  such  as 
lemon-juice  or  orange-juice  and  vinegar,  fulfill  similar  indica- 
tions, but  less  acceptably.  Demulcent  drinks  should  be  given 
freely.    Emetics  and  the  stomach-pump  are  contraindicated. 

CHLOEIDS. 

Corrosive  sublimate  may  produce  toxic  symptoms  as  bed- 
bug poison,  antiseptic  tablets,  or  vaginal  douches.     It  has  a 
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Btyptic,  metallic  taste,  and  coats  tbe  lipa  and  tongue  white. 
The  vomit  is  glairy  or  bloody.  There  ia  constant  purging  with 
fluid,  greenieh  (sometimes  rice-water  or  dysenteric)  stools,  in- 
tense pain,  and  tenesmus.  The  urine  may  be  suppressed.  Fever 
is  often  present. 

Cramps  of  tbe  extremities  are  common.  HgCl2  corrodes 
and  darkens  metals.  Tbe  smallest  fatal  dose  on  record  is  3 
grains ;  time,  one-half  to  five  days.  White  of  egg  is  the  best  anti- 
dote, 1  for  every  4  grains.  The  resulting  albuminate  should  be 
removed  quickly  to  prevent  its  solution  in  the  digestive  juices. 
Saline  purgatives  and  large  draughts  of  soothing  liquids  are 
also  in  order.  Death  is  due  to  collapse,  coma,  or  convulsions. 
An  enormous  number  of  lime  infarcts  in  the  necrosed  kidneys  is 
characteristic  of  mercurial  poisoning;  also  dysenteroid  erosions 
of  the  small  intestines. 

The  butter  of  antimony  causes  grumous  vomit,  yiolent 
purging,  and  groat  depression.  The  chlorid  of  zinc,  ueed  in 
soldering  and  embalming  fluids,  has  killed  in  the  dose  of  6 
grains.  Baking-soda  in  plenty  of  water,  as  well  as  eggs  or  milk, 
are  indicated. 


Saltpeter  causes  frequent  urination,  tremors,  convulsions, 
delirium,  prostration,  or  collapse.  Two  drams  of  it  has  caused 
death. 

Lunar  caustic  shows  a  glazed  appearance  of  the  mucous 
membrane,  and  the  vomit  darkens  on  exposure  to  light.  Thirty 
grains  has  caused  death.     Common  salt  is  the  antidote. 


Carbolic  acid  produces  hard,  white  patches  in  the  mouth 
which  are  easily  stripped  off.  frothy  vomit,  contracted  pupils, 
blackish-green  urine,  depressed  temperature,  speedy  coma,  and 
collapse.  The  breathing  is  slow  and  deep  at  first;  shallow  and 
hurried  toward  the  end.  The  breath  has  the  peculiar  odor  of 
the  acid,  which  gives  a  violet  color  with  FeCIa.  Twenty-two  1 
grains  have  proved  fatal;  the  period  of  death  ranges  from  one-  | 
half  to  twelve  hours.  There  may  be  delirium,  twitchings,  con- 
vulsions, and  high  fever.  In  protracted  cases  bronchitis  and 
bronchopneumonia  may  end  the  acene.  Phenol  has  been  ab- 
sorbed through  tbe  intact  skin  (produces  brownish  shrunken 
patches).  Tbe  continuous  application  as  a  compress  of  even 
a  I-per-cent.  solution  has  caused  gangrene.  Sometimes  severe 
eczema  i-esults.  A  dram  in  a  quart  oi  water,  used  as  a  uterine 
douche,  proved  fatal. 

Alcoholics  serve  as  the  choice  of  antidotes,  and  further  as 
needed  stimulants.  They  form  ethyl  phenate,  CaHoCijHsO, 
which  does  not  turn  violet  with  FeCla,  as  phenol  does.    Epsom 
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or  Glauber  salts  are  also  useful  remedies.  TTie  stomach  should 
be  cleared  out  quickly  with  the  tube  or  apomorphin.  Oils  and 
fats  must  be  avoided.  Milk  and  white  of  egg  are  useful.  Glyc- 
erin prevents  the  caustic  and  toxic  action  of  phenol,  since  the 
latter  does  not  ionize  in  glycerin.  The  subcutaneous  injection 
of  1^  to  2  liters  of  sodium  sulphate  solution  (2.3  per  cent,  dry 
salt,  4.6  per  cent,  crystals)  has  restored  consciousness  and  pre- 
vented fatal  consequences  in  phenol  poisoning. 

Other  phenols  which  may  produce  poisonous  effects  are 
cresols,  creosote,  guaiacol,  salol,  and  creolin.  Naphthalene  (coal- 
tar  camphor)  produces  headache,  vomiting,  colicky  pains,  diar- 
rhea, tenesmus,  and  burning  pain  in  urethra,  bladder,  and 
kidney.  The  urine  is  dark-brown  in  color.  Beta-  and  alpha- 
naphtol  cause  vomiting,  coma,  and  nephritis  (urine  dark-brown). 
One  dram  applied  externally  has  caused  death.  Pyrogallol  has 
caused  jaundice,  cyanosis,  chills,  vomiting,  diarrhea,  strangury, 
and  nephritis. 

IBBITANTS. 

The  symptoms  of  irritant  poisoning  are  similar  to  those  of 
corrosives,  but  are  generally  less  intense,  and  do  not  come  on 
for  some  minutes  or  hours.  Great  thirst,  severe  headache, 
giddiness,  cramps  in  the  legs,  torpor,  coma,  and  convulsions  are 
common  symptoms.  Dilute  mineral  acids  and  other  corrosives 
may  act  as  irritant  poisons. 

MUTEEAL. 

Arsenic  is  present  in  white  arsenic,  fly-paper,  fly-powder 
(cobalt  arsenid),  "Rough  on  Rats'^  (AS2O3  and  charcoal), 
"Tough  on  Mice,"  Scheele's  green  (candy,  wall-paper),  Paris 
green,  cancer  cures;  colored  crayons,  and  artificial  flowers. 
Special  symptoms  of  arsenical  poisoning  are  the  suffused  and 
reddened  eyes,  brown  vomit  often  mixed  with  bloody  mucus, 
bloody  or  choleraic  stools  with  tenesmus,  subnormal  tempera- 
ture, and  prominent  nervous  symptoms.  The  skin  is  cold  and 
clammy.  The  urine  is  often  partly  suppressed.  Pain  is  gen- 
erally severe,  but  may  be  slight  or  absent;  *  numbness  and  tin- 
gling are  complained  of.  The  symptoms  usually  begin  in  from 
fifteen  to  sixty  minutes.  The  smallest  fatal  dose  was  1^^  grains ; 
fatal  period,  twenty  minutes  to  twenty- four  hours;  average,  ten. 
Death  may  occur  with  epileptiform  convulsions,  collapse,  and 
coma.  If  a  number  of  hours  elapse  before  death  supervenes,  the 
post  mortem  reveals  gastroenteritis,  and  the  intestinal  contents 
contain  bile  and  resemble  rice-water.  If  the  contents  of  the 
intestines  show  more  than  %o  i^g-  of  arsenic,  we  may  be  sure 
that  it  did  not  come  from  normal  food  (Gautier). 

After  thoroughly  emptying  the  stomach  with  the  pump, 
tube,  or  emetic,  one  should  neutralize  the  remaining  poison  that 
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cannot  be  washed  away.  This  is  done  by  means  of  magnesia 
with  freshly  made  magma  of  ferric  hydrate  (made  by  mixing 
equal  parts  of  tincture  of  iron  and  ammonia-water,  and  straining 
and  washing  the  precipitate),  of  which  the  dose  is  a  tablespoonful 
every  half-hour  for  four  to  six  dosee — at  least  twenty  times  the 
amount  of  poi.ion.    This  forms  insoluble  Feg(Aa04)2, 

DemonstTBtloi]  of  Antidote  for  Arsenical  Poisoning. — Render 
FeClj  solution  alkaline  with  NH4OH,  throwing  down  ppt.  of  Fe(HO)) 
on  B.  cloth ;  wash  clear  of  NU^,  anil  then  stir  the  ppt.  into  a  beaker  eoii- 
taining  an  arsenic  solution.  After  five  minutes  filter  and  prove  absence 
of  As  in  filtrate. 

Another  good  antidote  for  arsenic  ja  dialyzed  iron.  Stimu- 
lants (brandy,  aromatic  spirit  of  ammonia,  strychnin)  phould  be 
given  hypodermically  for  faintness,  and,  if  the  patient  is  colJ, 
use  hot  blankets.  After  the  sickness  subsides  an  oimce  or  two 
of  caetor-oi!  should  be  given. 

Antimony  poisoning  is  characterized  especially  by  excessive 
vomiting  and  depression;  often  subnormal  temperature;  also 
by  a  strong  metallic  taste,  by  early  salivation,  profuse  sweats. 
and  rieo-water  stools.  The  urine  is  usually  increased,  with 
painful  micturition.  Later  it  may  be  diminished  or  suppressed, 
and  it  often  contains  albumin.  Two  grains  of  tartar  emetic 
have  caused  death.  Tannin  is  the  best  antidote;  ferric  hydrate 
is  next  best;  lime  or  magnesia  is  useful.  Encourage  vomiting 
with  warm  drinks,  stimulate  freely,  and  keep  patient  warm  with 
hot  blankets  and  bottles. 

Acute  lead  poisoning  i?  manifested  by  intense  abdominal 
pain,  with  hard,  retracted  abdomen  and  constipation;  the  stools 
arc  black.  If  the  case  is  protracted,  local  paralyses  and  the 
blue  line  on  the  gums  appear.  Any  lead  salt  or  solution  turns 
black  with  HaS;  lead  salts  are  also  easily  reduced  to  a  bead. 
One  ounce  of  sugar  of  lead  baa  proved  fatal.  Any  sulphate 
(preferably  MgSOj)  will  ppt.  Fb  solutions  and  act  us  an  anti- 
dote. A  hypodermic  of  morphin  will  usually  be  required  for 
the  pain. 

Pure  Bi  salts,  taken  interottlly  or  used  locally,  may  cause 
fever,  stomatitis,  loosened  teeth  with  bluish-black  discoloration 
of  gums  and  tongue,  gangrene  of  soft  palate,  vomiting,  diarrhea, 
ulceration  of  intestines,  dark  urine,  and  albuminuria.  Two  drams 
of  Bubnitrate  (subcarbonate  less  poisonous)  have  caused  death. 
These  salts  are  eliminated  largely  by  the  saliva. 

Copper  poisoning  (blue  vitriol,  verdigris)  excites  greenish 
.  vomit  and  a  very  marked  metallic  taste;  %  ounce  of  verdigris 
has  caused  death.  In  acid  solution  metallic  copper  is  pptd,  on 
a  knife-blade.     Milk  and  eggs  are  antidotes. 

The  chlorid  of  tin  used  in  dyeing  has  sometimes  given  rise 
to  toxic  effects.  It  is  more  depressant  than  irritating,  and  causes 
diarrhea,  cyanosis,  and  collapse.  A  fragment  of  Zn  ppts,  the 
metal  in  arborescent  form.    Milk  and  eggs  are  in  order;   mag- 


406  TOXICOLOGY. 

nesia  is  also  an  antidote.  Tin  in  solder  is  dissolved  by  fruit  acids, 
particularly  cherries. 

Both  copperas  and  tincture  of  iron  have  caused  death 
when  taken  in  very  large  doses  (1^^  ounces  of  tincture).  Iron 
solutions  turn  black  with  tannin  or  tea,  and  cause  a  dark- 
greenish  fur  on  the  tongue.  Paralysis  of  extremities  and  sup- 
pression of  urine  may  occur.  Baking-soda  or  magnesia  and  milk 
and  mucilaginous  drinks  are  indicated. 

Common  alum  in  very  large  doses  may  produce  toxic  symp- 
toms, especially  vomiting.  It  has  a  sweetish,  styptic  taste,  and 
there  is  sometimes  frothing  at  the  mouth.  The  chief  antidotes 
are  milk  and  baking-soda. 

Zinc  sulphate  (sometimes  mistaken  for  Epsom  salt)  in  large 
doses  causes  excessive  vomiting,  dilated  pupils,  and  coma.  One- 
half  ounce  has  proved  fatal  in  about  twelve  hours.  Vomiting 
should  be  encouraged  by  copious  draughts  of  warm  water.  Anti- 
dotes are  lime-water,  albumin,  soapsuds,  and  tannin. 

Potassium  dichromate  has  caused  death  in  a  number  of 
instances,  2  drams  being  the  smallest  fatal  dose.  The  vomit 
is  yellow,  the  pupils  dilated,  and  there  is  violent  purging  and 
muscular  cramps.  Ammonia-water  gives  a  green  ppt.  Lime- 
water  or  magnesia  and  milk  are  good  antidotes. 

Barium  salts  cause,  convulsions,  paralysis,  cardiac  palpita- 
tion, disturbed  vision,  very  slow  breathing,  unconsciousness,  col- 
lapse. One  dram  has  proved  fatal.  Epsom  or  Glauber  salts  are 
purgative  antidotes,  and  should  be  followed  by  emetics  and  by 
fixed  oils  to  soothe.  The  flame-test  is  greenish.  The  symptoms 
of  loco  poisoning  in  horses  and  cattle"  are  ascribed  to  Ba  salts, 
the  dried  plant  containing  up  to  342  of  1  per  cent,  of  barium 
acetate.  ^ 

The  chlorate,  sulphate,  and  bitartrate  of  potassium  are  all 
capable  of  exciting  toxic  symptoms;  1  dram  of  chlorate  has 
caused  death,  and  1^4  ounces  of  cream  of  tartar  likewise.  The 
chlorate  is  marked  by  rigid  limbs,  delirium,  coma,  and  bloody 
urine.  The  bitartrate  poisoning  resembles  that  by  niter.  So- 
dium bicarbonate  neutralizes  the  bitartrate.  Opium,  stimulants, 
and  demulcents  are  called  for. 

Bleaching  powder  taken  internally  acts  as  an  irritant 
poison.  It  has  a  sharp,  acid  taste  and  a  distinct  odor  of  chlorin. 
It  is  best  counteracted  by  lime-water  and  oils. 

lodin  solutions  in  large  doses  are  marked  by  an  acrid  taste, 
tightness  about  the  throat,  pain,  vomiting,  and  purging;  yellow 
stains  are  noted  on  the  mucous  membrane.  Starch  or  flour  in 
warm  water  should  be  given  till  the  blue  color  disappears  from 
the  vomit.    White  of  egirs  and  milk  should  follow. 

lodin  freely  applied  to  a  raw  surface  may  cause  headache, 
gastric  symptoms,  and  even  suppression  of  urine.  Fatal  results 
have  followed  taking  20  grains  of  I  or  one  fluidram  of  the 
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tincture.  Large  doses  of  KI  excite  lieadache,  thirst,  abdominal 
pain,  ealivation,  sore  nose  and  eyes,  and  a  pustular  eruption. 

Phosphorus  poisoning  may  occur  from  swallowing  match- 
heads  (each  contains  3  to  5  mg.  P),  ratsbane  (1  to  4  per  cent.  P 
with  oil,  flour,  sugar  and  coloring  matter),  or  phosphorated  oil, 
or  by  inhalation  of  phosphine.  Special  symptoms  are  a  garlicky 
odor  and  taste;  gradually  increasing  pain,  beginning  over  the 
region  of  the  liver  within  an  hour  to  several  days;  jaundice  on 
second  or  third  day;  muscular  twitchings;  petechia;  delirium, 
Kpasme,  albuminuria,  hematuria,  or  suppressed  urine  (contains 
leucin  and  t>Tosin) ;  paralysis,  coma,  and  collapse.  The  vomit 
is  greenish  or  coffee-ground  in  color,  and  both  it  and  the  stools 
are  luminous  in  the  dark,  especially  on  heating  with  sulphuric 
acid.  The  breath  may  also  he  phosphorescent.  One-fiftieth 
grain  has  caused  the  death  of  a  child  ( y%  grain  in  adult)  iu  from 
one  to  four  days.  There  is  no  direct  antidote  for  phosphorus. 
Useful  oxidizing  agents  are  potassium  permanganate  (4  grains 
to  each  ounce  of  water,  leaving  about  a  pint  in  stomach — 
oxidizes  P  to  H3PO4,  and  ie  itself  changed  to  MuOj)  and 
diluted  HaOa-  To  evacuate  bowels  in  P  poisoning,  give  old  tur- 
pentine, V2  dram,  with  mucilage  every  half-hour  till  an  action 
occurs,  and  repeat  for  several  days.  As  an  emetic,  copper  sul- 
phate is  commonly  used:  3  grains  well  diluted  every  fifteen 
minutes  till  vomiting  occurs;  it  may  aggravate  gastroenteritis. 
Albuminous  and  mucilaginous  drinks  and  milk  of  magnesia 
should  be  given,  but  no  oils  or  fats.  Oxygen  inhalations  are  rec- 
ommended. Post-mortem  examination  shows  fatty  degeneration 
of  the  liver,  kidneys,  heart,  and  other  muscles,  and  a  garlicky 
odor  pervades  the  stomach.  There  is  a  marked  reduction  in  the 
alkalinity  of  the  blood.  P  bui-ns  should  he  treated  with  a  lotion 
of  chlorinated  soda  or  a  paste  of  chlorinated  lime, 

Demontitratloii  of  Antidote. — Place  a  bit  of  P  in  CuSOi  solution 
for  a  few  minutes,  HDd  note,  on  removal,  the  coating  of  Cu  phosphid  on 
the  piece  of  P.  . 

""'""'  ~i  permangHnataf  in  ooiieentrntgjl  form  may  cause  pain, 
Sulphurous  Ufid,  in  dvani  doses  frequently,  IB 

Petroleum  compounds  in  excess  produce  burning  pain,  colic, 
vomiting,  diarrhea,  and  painful  urination  {urine  raav  have  a 
violet  odor) ;  headache,  vertigo,  rapid  pulse,  dyspnea,  fever,  col- 
lapse, stupor,  unconsciousness.  The  symptoms  of  benzin  poi- 
soning are  cyanosis,  dilated  pupils,  lowered  pulse  and  respira- 
tions, clonic  convulsions,  and  coma.  One-half  ounce  of  benzin 
has  caused  death.  The  treatment  includes  emetii*,  purgatives, 
stimulants;   warm  baths  with  cold  affusions  for  collapse. 

TEQETABLE. 
Many   resins    (niocs,   jalap,  gamboge,  scnmniony,   bryony, 
elaterium)   in  too  large  doses  cause  excessive  mucous  purging, 
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with  intense  griping  pain  and  considerable  depression.  The 
stomach  should  be  emptied  and  castor-oil  given.  Morphin 
hypodermically,  mucilaginous  drinks,  emollient  enemata,  and 
hot  fomentations  are  also  useful.  It  is  important  to  counteract 
great  exhaustion.  About  a  dram  of  gamboge  or  oleoresin  filix 
mas,  less  than  a  dram  of  powdered  colocynth,  or  5  to  10  grains 
of  podophyllin  resin,  have  proved  fatal. 

Certain  oils  (savin,  croton,  castor,  turpentine)  may  excite 
choleraic  vomiting  and  purging,  with  contracted  pupils,  ster- 
torous breathing,  strangury,  and  collapse.  One  dram  of  oil  of 
tansy  (25  grains  powdered  drug),  one  ounce  of  oil  of  cedar,  15 
m.  croton-oil,  or  a  tablespoonful  of  oil  of  pennyroyal,  have  caused 
death.  The  poisonous  toxalbumin  ricin  is  present  in  castor- 
beans,  but  not  in  the  oil.  Vapors  of  turpentine  are  somewhat 
poisonous.  Internally  this  substance  may  cause  convulsions  and 
coma.  A  teaspoonful  has  led  to  the  death  of  an  infant.  The 
white  of  eggs  is  the  chief  antidote.  Epsom  salts  are  useful 
against  turpentine,  for  which  hot  fomentations  to  the  loins  are 
also  serviceable.  Brandy,  aromatic  ammonia,  or  other  stimulant 
may  be  needed. 

Colchicum  preparations  sometimes  produce  violent  purging, 
with  dilated  pupils,  cold  skin,  dyspnea,  and  rapid  exhaustion. 
Tannin  or  strong  tea  or  coffee  ppts.  the  active  principle,  and 
stimulants  are  necessary.  There  is  more  colchicin  in  the  seed 
than  in  the  root  of  meadow  saffron.  The  symptoms  appear  in 
from  one  to  three  hours  (after  oxidation  to  oxydicolchicin) ;  Y^ 
grain  is  the  smallest  fatal  dose,  and  death  takes  place  in  from 
twenty-four  hours  to  several  days.  This  poison  acts  on  mucous 
membrane  when  injected  hypodermically.  A  colchicin-like  sub- 
stance has  been  found  in  beer. 

Black,  green,  and  white  hellebore  or  veratrum  has  a  very 
acrid  and  bitter  taste,  and  causes,  in  poisonous  doses,  slow  pulse, 
violent  vomiting,  purging,  and  abdominal  pain,  with  marked 
depression.  It  is  treated  like  colchicum  poisoning.  Atropin, 
hypodermically,  is  useful.  In  fatal  cases  death  does  not  take 
place  usually  till  after  twenty-four  hours.  The  injection  of 
veratrum  alkaloids  into  a  frog  causes  slow  heart  action,  twitch- 
ings,  and  vomiting. 

Ergot,  or  the  fungus  of  rye,  often  taken  to  produce  abortion, 
causes  asphyxia,  formication,  dizziness,  headache,  mydriasis, 
dyspnea,  delirium,  coma,  and  heart-failure.  It  has  a  peculiar, 
nutty  odor.  Tannic  acid  is  the  antidote.  Nitroglycerin  is  of 
service,  and  small  doses  of  opium  may  be  given  after  the  stomach 
and  bowels  are  emptied.  The  patient  sheuld  be  kept  warm  in 
the  recumbent  posture.  The  toxic  constituents  of  ergot  are 
comutin  (convulsant),  sphacelotoxin  (produces  dry  gangrene), 
and  sphacelinic  acid  (spinal  paralyzant).  Ustilagism  is  due  to 
a  parasite  on  com,  and  is  marked  by  vasoconstriction  and 
gangrene. 


IRRITANTS.  409 

The  sjinptoms  of  digitalis  poisoning  are  chiefly  a.  feeble, 
fllow,  intermittent  pulse;  nnusea,  grass-green  vomiting,  and 
purging;  abdominal  pain,  vertigo,  pale  face,  dilated  pupils; 
severe  headache,  delirium,  syncope;  cold,  clammy  ekin;  chro- 
mopeia,  cvanosis,  convulsions,  paralysis,  coma.  Dentil  occure 
from  sudden  heart- failure.  Poisoning  usually  takes  place  from 
the  cumnlative  effect  of  the  drug  given  in  repeated  doses,  rather 
than  from  a  single  large  dose.  The  main  point  in  treatment  is 
to  keep  the  patient  in  a  horizontal  posture.  Brandy  is  useful, 
and  aconite  may  be  tried  in  very  small  doses  and  repeated  if 
beneficial.  Tannin,  or  strong  tea,  should  be  given  to  antidote 
the  ghicoBids.  Give  atropin,  eaffein,  and  stn-chnin,  and  apply 
heat.  Of  the  powdered  leaves  36  grains,  and  of  the  tincture  1 
ounce  has  caused  death.  A  tendency  to  suppression  of  urine  ia 
a  danger  signal  when  administering  digitalis  medicinally.  As 
a  physiologic  teat  inject  1  or  2  mg.  of  the  suspected  solution  in 
a  IjTnph-space  of  a  frog,  espose  heart  and  count  beats,  which 
become  slower  and  irregular,  and  may  finally  cease. 

Lathyrus,  or  vetches  (chick-peas),  are  marked  by  an  initial 
chill,  pain  in  the  loins  and  legs,  a  girdle  sensation,  paresthesia, 
lameness,  and  gangrene.  The  adulteration  of  meals  with  chick- 
peas may  give  rise  to  lathyrism.  Pellagra  is  thought  to  be  due 
to  saprophytes  in  fermenting  com. 

All  parts  of  the  yew  or  laburnum-tree  may  cause  toxic 
symptoms,  such  aa  vomiting,  abdominal  pain,  narcosis,  con- 
vulsive movements,  and  dilated  pupils.  They  have  a  sweet 
taste.  Cytisin  warmed  with  nitric  acid  gives  an  orange-yellow 
color. 

True  hay  fever  (Dunbar)  is  due  directly  to  a  pollen-poiaon 
(from  maize,  ragweed,  etc.)  soluble  in  ether,  blood-serum,,  and 
secretions  and  pptd.  by  alcohol. 


Cantharis,  or  Spanish  fly,  used  either  internally  or  ester- 
nally,  may  cause  a  dull  pain  in  the  loins,  vesic  tenesmus,  stran- 
gury, priapism,  salivation,  and  bloody  vomit,  stools,  and  urine. 
It  blisters  skin  or  mucous  membrane.  One  should  look  for  the 
shining  gold-green  wing-cases  of  the  insects  with  a  hand-lens. 
One  ounce  of  the  tincture  (2r<  grains  powdered  drug;  Yg  grain 
cantharidin)  has  resulted  fatally.  Give  plenty  of  water  and 
a  warm  bath;  empty  the  stomach,  but  do  not  give  oils;  wash 
out  bladder  with  warm  water.  Charcoal,  linseed-tea,  mucilage, 
milk,  morphin,  and  stimulants  (by  the  rectum)  are  all  old 
service. 

Iiolation  of  Cantharidin. — Extract  by   heatmg  with   8  per  cent,    i 
Ron  to  homogeneity;  cool;  «?pHrnt«  from  impurities  with  chlorofonni 
acidulate  with  TTjSO,',  treat  with  Four  times  the  volume  of  aleohnl;  boil 
ftnd  Git^r  hot;    cool,  rplllter  and  distilt  olT  alcohol;    tniit  up  cnnthnridin 
from  residue  wiUi  cblorotorm,  and  evaporate — residue  btiBteri  skin. 
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During  putrefaction  some  ptomains  appear  (cholin,  first; 
toxic  mydalein,  about  the  seventh  day)  and  later  disappear, 
to  be  succeeded  by  others,  the  toxic  ones  being  most  abundant 
from  the  fifth  to  the  thirtieth  day.  Non-alkaloidal  (insoluble 
in  alcohol)  products  are  more  active  than  the  alkaloidal.  Pro- 
tein foods  not  perceptibly  tainted  may  be  very  toxic,  while  those 
decidedly  putrid  may  be  quite  innocuous.  Canned  meats  which 
splash  on  shaking  are  dangerous,  from  the  contained  gelatin- 
liquefying  bacteria.  Cooking  meat  or  fish  may  kill  the  bacteria, 
but  not  destroy  the  toxins  therein.  Keeping  protein  food  for 
a  day  or  more,  after  cooking  or  after  opening  the  container,  is 
the  most  frequent  cause  of  ptomain  poisoning. 

Ethylidenediamin  (Kemp)  is  a  ptomain  produced  in  dilated 
stomachs.  Methylguanidin,  formed  in  the  small  intestine,  causes 
nervous  irritability  and  convulsions,  which  are  also  produced  by 
muscarin,  putrescin,  and  neurin  (dyspnea,  unconsciousness). 
Depression  and  shock  in  intestinal  obstruction  are  due  chiefly  to 
pentamethylenediamin,  H2S,  and  methyl  mercaptan,  which 
are  fonned  in  the  stagnating  contents  of  the  bowel  (Kukula). 
Ptomatropin,  found  in  decomposing  fish,  sausage,  game,  and 
canned  beef,  produces  symptoms  much  like  belladonna  poisoning, 
and  may  react  to  Vitali^s  test.  The  production  of  indol  depends 
largely  on  the  activity  of  the  colon  bacillus,  which  ferments 
carbohydrates  before  acting  on  proteins.  It  causes  (Kemp)  head- 
ache, colic,  diarrhea,  neurasthenia,  spasms,  and  cardiac  and 
respiratory  depression.  Intestinal  bacteria  form  phenol  and 
cresol  from  tyrosin  and  break  up  lecithin  into  cholin. 

Meat  or  sausage  poisoning  (botulismus,  kreotoxismus,  allan- 
tiasis) is  due  to  anaerobic  Bacillus  botulinus  or  Proteus  vulgaris, 
and  occurs  mostly  in  connection  with  raw  or  imperfectly  cooked 
flesh,  particularly  of  swine;  the  average  incubation  period  is 
about  eighteen  hours.  The  symptoms  resemble  atropin  poison- 
ing. Putrid  meat  looks  soft  and  smeary  and  has  a  grayish-green 
tint.  The  extract  of  2.5  grams  of  putrefied  meat  is  sufficient  to 
kill  a  man  (Bouchard).  Meat  poisoning  may  also  occur  from 
eating  the  flesh  of  pyemic  or  septicemic  animals.  The  symptoms 
in  this  event  are  like  dysentery,  typhoid,  or  cholera.  The  stools 
are  greenish  or  brownish,  and  very  offensive. 

Ichthyotoxins  are  present  in  salt  herring  and  codfish,  and 
especially  in  canned  fish.  Mytilotoxismus,  the  most  fatal  form 
of  food  infection,  is  caused  by  eating  crabs,  prawns,  lobsters, 
cockles,  and  mussels.  Cooked  clams  and  oysters  may  still  be  poi- 
sonous. Galactotoxins,  or  milk  poisons,  are  saprophytes  causing 
the  summer  diarrheas  of  artificially  fed  infants.  Disease  of  the 
udders  may  cause  pseudodiphtheria  or  tuberculosis.  Toxicogenic 
germs,  chiefly  of  the  colon  group,  are  present  in  nearly  all 
cheese,  the  colors  of  which  are  due  largely  to  fungi.  Tyro- 
toxicon  (diazobenzene  butyrate)  is  a  poison  formed  at  times  in 
acid  cheese,  ice-cream,  frozen  custards,  and  cream-puffs. 
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Test  for  Tyrotoxictm.^TjTotosieon  when  pure  givea  a  green  color- 
ntion   with   equal   parts  of   sulphuric  and   phosphoric  acids;   orange  or 

reddish-yeliow  as  it  oceura  in  whey.  Whitelegge  and  Kewman  direct 
to  neutralize  with  Na^COg,  exhaust  with  ether,  evaporate  this  solution 
and  dissolve  residue  in  water.  The  aqueous  solution  strikes  an  orunge, 
red  or  purple  color  when  treated  with  a  mixture  of  equal  purls  of 
phenol  and  H3S04.  The  aubstanoe  is  unstable  and  present  usually  only 
in  very  small  quantity. 

All  these  food-poisons  produce  fever  or  subnormal  tem- 
perature, dry  mouth  and  throat,  vomiting  and  purging  (some- 
times  bloody),  suppression  of  aeeretione,  hoarseness  or  aphonia, 
dilated  pupils,  squint,  ptosis,  diplopia,  and  a  tendency  to  col- 
lapse, the  pulse  being  usually  disproportionately  rapid.  Vertigo, 
dyspnea,  deliriunij  and  a  scarlet  rash  are  occasionally  noted. 
The  onset  is  from  one-half  hour  to  a  week. 

The  chief  indication  in  food  poisoning  is  to  clear  out  (pref- 
erably by  washing)  the  stomach  and  bowels  as  quickly  and  thor- 
oughly as  possible.  Stimulants  are  often  required  to  preserve 
the  patient  while  the  poisons  are  being  eliniinated.  Atropin  is 
very  useful  in  antagonizing  the  neurin,  cholin,  and  muscarin 
of  meat  poisoning.  Inhalations  of  oxygen  are  of  special  service 
when  the  blood  is  diiwrganized  and  dyspnea  is  prominent. 


aASES. 

The  inhalation  of  any  gas  except  0  causes  suffocation.  The 
more  common  acid  vapors  are  bromin,  chlorin,  hydrochloric  acid, 
and  nitrous  and  sulphurous  fumes.  They  are  irrespirable  and 
e.icite  coughing  and  suffocation,  cyanosis,  naxcotism,  and  some- 
times convulsions,  conjunctival  and  pharyngeal  congestion, 
trembling,  weniaiesB,  and  hemoptysis.  The  concentrated  gas 
may  produce  an  immediate  fata!  result  by  closure  of  the  glottis 
and  asphyxia.  The  peculiar  odor  and  color  of  the  fumes  aid  in 
the  diagnosis.  Weak  ammonia  by  inhalation  is  the  antidote. 
Fresh  air  and  rest  are  most  important.  Alkaline  salt  injec- 
tions may  lessen  the  cyanosis.  Congestion  of  the  lungs  should 
be  relieved,  it  necessary,  by  counter- irritants.  Inhalations  of 
ether  relieve  the  sense  of  constriction  from  nitric  fumes.  SOj 
reduces  the  blood,  rendering  it  very  dark,  and  in  fatal  cases 
acid  in  reaction. 

Alkaline  vapors,  such  as  strong  ammonia,  produce  the 
same  symptoms  as  acid  vapors,  with  perhaps  more  burning  in 
the  throat  and  with  vomiting  and  giddiness.  Vinegar  inhala- 
tions are  antidotal.  Otherwise  the  treatment  is  the  same  oe  for 
acid  gases,  Jn  ammonia  poisoning  there  may  be  immediate 
coma,  and  death  in  a  few  minutes.  A  teaspoonful  of  stronger 
ammonia  has  proved  fntnl.  Death  has  occurred  from  suffocation 
or  syncope  within  four  minutes  after  inhalation  of  the  gas. 
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NEUBOTICS. 

The  members  of  this  class  act  principally  on  the  nervous 
system,  after  absorption,  the  S}Tnptoms  usually  beginning  in 
about  a  half-hour.  The  class  is  variously  divided  into  several 
varieties,  the  simplest  arrangement  being  into  narcotics,  de- 
pressants, and  convulsants.  In  neurotic  poisoning  intravenous 
injection  of  large  quantities  of  physiologic  salt  solution  retards 
and  diminishes  the  toxic  symptoms  by  hindering  absorption. 

NABCOTICS. 

These  are  characterized  chiefly  by  stupor,  delirium,  and 
insensibility,  the  latter  supervening  in  from  five  minutes  to 
many  hours.  Convulsions  may  occur.  The  treatment  in  gen- 
eral for  narcotic  poisoning  is  to  give  as  an  antidote  for  all  the 
alkaloids  tannic  acid  or  strong  green  tea,  or  potassium  perman- 
ganate grain  for  grain  of  the  poison  (the  stomach  may  be 
washed  with  a  solution  of  permanganate,  2  to  4  grains  to  the 
pint,  leaving  about  a  pint  in  the  stomach).  Charcoal  is  also  of 
some  service  as  an  antidote.  The  physiologic  antagonists  most 
indicated  are  caflfein  (or  strong  coffee  by  the  rectum  or  mouth), 
atropin  (3^20  grain  every  fifteen  minutes  for  three  doses  in 
morphin  or  opium  poisoning),  anmionia,  strychnin,  brandy,  and 
amyl  nitrite  for  heart-failure;  morphin  (till  pupils  begin  to 
contract)  and  pilocarpin  (%  grain)  for  belladonna,  atropin,  or 
other  solanaceous  poisons;  and  faradism  of  the  phrenic  nerve 
in  the  neck.  The  stomach  should  be  emptied  with  tube,  pump, 
or  emetics  (mustard  is  very  good).  Slap  the  chest  with  towels 
wrung  from  cold  water;  apply  cold  to  the  head  and  warmth  to 
the  extremities.  Keep  the  bladder  empty  to  prevent  resorption 
of  the  poison.  Artificial  respiration  may  be  needed  for  a  time. 
In  opium  poisoning  the  patient  should  be  kept  awake  by  walking 
him  about.  For  alarming  symptoms  during  anesthesia  invert 
the  patient,  hold  up  the  base  of  the  tongue,  clear  the  fauces, 
inject  stimulants,  use  nitrite  of  amyl  by  inhalation,  and  employ 
artificial  respiration.  Atropin  and  caffein  are  the  most  gener- 
ally useful  stimulants. 

Cocain  is  coming  into  use  as  an  antidote  for  morphin.  Von 
Neusser  recommends  0  inhalations.  It  is  important  in  morphin 
poisoning  to  keep  up  the  respiration,  by  which  means  the  mor- 
phin is  probably  largely  oxidized  into  inert  products.  The  first 
product  of  oxidation  is  oxydimorphin  (Ci7HigN'03)2,  or  pseu- 
domorphin.  On  further  oxidation  it  yields  various  color-products 
related  to  the  color-roots,  morpholin  HN(CH2)40,  and  phenan- 
threne.  Morphin  is  eliminated  to  a  considerable  degree  by  the 
mucous  membrane  of  the  stomach,  hence  we  should  continue 
washing  out  this  organ  and  giving  antidotes. 

Opium  poisoning  may  take  place  by  way  of  morphin,  co* 
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dein,  laudanum,  paregoric,  soothing  and  cough  syrups,  poppy- 
tea,  Dover'a  powder,  blacli  drop,  Godfrey's  cordial,  McMnnn'a  1 
eliiir,  etc.  One  grain  of  niorpliin  by  the  mouth,  4  grains  of 
opium  and  S  drams  of  laudanum  have  each  proved  fatal.  Hypo- 
dennically  raorphin  has  up  to  three  times  the  strength  and 
rapidity  by  the  mouth  (Robert).  The  effects  of  raorphin  poi- 
soning usually  begin  in  from  twenty  to  forty  minutes.  The 
usual  fatal  period  is  from  three  to  twelve  hours,  the  earliest 
having  been  forty-five  minutes.  The  leading  symptoms  are 
vomiting,  staggering,  excitement,  then  coma;  pin-point  pupila 
(may  be  dilated  toward  fatal  end) ;  slow,  full  pulse,  becoming 
weak  and  irregular;  alow,  stertorous  breathing,  becoming  feeble 
and  of  the  Cheyne- Stokes  type.  The  face  is  congested,  becom- 
ing paler;  tlie  skin  is  cold  and  clammy  and  may  show  urticaria 
or  itching.  Convulsions  are  common  in  children,  and  may  be 
tetanic  in  nature.  Children  are  particularly  susceptible  to 
opiates. 

Belladonna  or  atropin  poisoning  exhibits  symptoms  which 
are  almost  entirely  opposite,  namely:  dilated  pupils  {impaired 
vision)  and  rapid  pulse  and  respiration.  There  is  active  delir- 
ium and  hallucinations;  sometimes  high  fever;  hot,  dry  skin, 
throat,  and  fauces,  and  maybe  strangury  and  suppressed  urine. 
A  drop  of  ihe  patient's  urine  instilled  into  the  eye  of  a  dog  or 
cat  will  dilate  the  pupil  in  a  few  minutes.  Dilatation  of  the 
pupil  in  lower  animals,  says  Vaughati,  may  he  obtained  by  the 
application  of  extracts  from  putrid  animal  tissue.  One-half 
grain  of  atropin  has  caused  death,  as  has  also  a  dram  o(  bella- 
donna extract  or  a  few  of  the  nightshade  berries.  Poisoning 
by  hyoseyamus,  stramoniiun,  or  solanum  {potato -sprouts,  and 
sun-baked  growing  potatoe.',  chiefly  in  skins)  shows  similar 
symptoms.  Hyoscin  i«  a  muscular  paralyzant.  Stramonium 
excites  cardiac  irregularity  and  furious  delirium. 

Cannabis  Indica  preparations  have  never  caused  death,  but 
often  produce  alarming  symptoms,  particularly  dilated  pupils 
and  exaltation  of  the  senses.  Minutes  seem  hours,  and  there 
may  be  joyous  delirium  or  double  consciousness.  In  addition  to 
brandy  and  strychnin,  lemon-juice  freely  is  advocated. 

Muscarin  is  the  active  principle  of  poisonous  mushrooms 
or  toad -stools  {also  contain  neurin  and  helvellic  acid.  Cji^^tn^Ti 
enzymes  and  toxalbumins,  particularly  phallin).  These,  when 
swallowed,  produce  gastroenteritis  {tetanic  spasms),  vertigo,  dim 
vision,  marked  myosis  {mydriasis  from  amanita),  intense 
dyspnea;  feeble,  rapid  pulse;  marked  delirium;  tremors,  epi- 
leptiform attacks;  lethargj',  and  coma.  Pieces  of  the  fungi  may 
be  found  in  Ibe  vomit.  Death  may  occur  in  from  two  to  one 
hundred  hours.  Emetics  and  warm  water  to  aid  vomiting,  castor- 
oil  and  cneinata,  tannin,  atropin,  and  coffee  will  do  the  most 
good. 

Alcoholic  coma  is  manifested  by  gradual  stupor;  enoring 
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• 
breathing;  fixed,  dilated  pupils,  and  a  ghastly,  suffused,  or 
bloated  face  with  livid  lips.  The  temperature  is  rendered  sub- 
normal by  excessive  heat  radiation  from  dilated  capillaries. 
There  is  an  alcoholic  or  ethereal  odor  of  the  breath.  Two  and 
one-half  ounces  have  proved  fatal  in  from  a  few  minutes  to  ten 
hours.  Ammonium  carbonate,  strychnin,  aromatic  ammonia, 
capsicum,  and  coffee  are  of  special  value.  Emetics,  warm  baths, 
lavage,  rubbing,  and  hot  applications  are  in  order.  Warm  baths 
followed  by  cold  affusions  should  be  used  for  deep  coma.  The 
inhalation  of  kerosene  fumes  causes  symptoms  similar  to  those 
produced  by  alcohol. 

Isolation  of  Alcohol. — Separate  volatile  substances  by  distillinfl: 
with  steam  ( from  a  separate  vessel ) ;  acidulate  faintly,  if  need  be,  with 
tartaric  acid;  redistill  alcoholic  distillate  slowly  over  water-bath  with 
MgO  or  K2CO3. 

Wood  alcohol  is  very  dangerous,  causing  weakness,  nausea, 
vomiting,  blindness  (vasoconstriction,  degeneration),  dilated 
pupils,  and  narcosis,  which  may  last  for  days.  In  the  body 
wood  alcohol  is  only  partly  oxidized  into  formic  acid,  and  is 
slowly  excreted,  hence  cumulative.  It  has  sometimes  been  used 
in  Jamaica  ginger,  cologne,  and  essence  of  peppermint,  as  well 
as  in  bav  rum  and  other  toilet  articles.  Painters  and  vamishers 
are  occasionally  poisoned  by  inhaling  the  vapors.  Less  than  a 
half-pint  has  caused  death,  usually  not  for  a  day  or  two.  Wash 
out  the  stomach,  give  caffein  and  strophanthus,  use  warm  baths 
followed  by  cold  affusions,  oxygen  inhalations,  bleed  (a  pint), 
and  use  at  least  1500  c.c.  of  physiologic  salt  solution  by  hypo- 
dermoclysis.  Sodium  bisulphate  has  been  suggested  as  an  anti- 
dote, since  it  increases  the  elimination  of  formic  acid. 

Chloral  poisoning  (^Tmockout  drops")  is  manifested  by 
complete  muscular  relaxation;  slow,  feeble,  irregular  pulse  and 
breathing  (sometimes  stertorous) ;  subnormal  temperature; 
pale  or  livid  face;  abolished  reflexes,  and  an  odor  like  bananas 
or  pears.  Chloral  heated  with  caustic  alkali  yields  the  odor  of 
chloroform.  Death  has  been  caused  by  7^  grains  of  the  hy- 
drate in  from  a  few  minutes  to  a  day  (usually  six  to  ten  hours). 
Aromatic  ammonia,  atropin,  strychnin,  coffee,  brandy,  amyl 
nitrite,  and  0  inhalations  are  useful  agents.  Mustard  plasters 
may  be  used  over  the  heart  and  the  calves  of  the  legs.  Artificial 
respiration  should  be  kept  up  for  hours,  if  necessary.  The  pa- 
tient must  be  kept  warm. 

Isolation  of  Chloral. — Acidify  at  once  with  tartaric  acid,  and 
distill  with  steam.  To  estimate  in  aqueous  solution,  shake  with  MgO 
(to  remove  free  acids),  and  treat  with  excess  of  normal  NaOH.  Deter- 
mine excess  of  alkali  with  standardized  acid,  and  calculate  chloral 
hydrate  from  difference:  1  c.c.  alkali  =  0.1655  gm.  chloral  hydrate. 
To  separate  chloral  hydrate  (glycuronate)  from  the  urine,  acidify  with 
H2SO4  and  shake  with  ether  in  a  separatory  funnel;  chloral  is  left  as 
a  solid  residue  after  evaporation. 
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Death  by  chloroform  inhalations  is  due  apparently  to 
vasomotor  paralysis.  Sudden  marked  dilatation  of  the  pupils, 
not  reacting  to  light,  is  a  danger-signal  of  importance.  The 
breathing  becomes  shallow  and  the  pulse  feeble  and  frequent. 
As  little  as  15  minims  inhaled  has  caused  sudden  death  in  per- 
sons with  weak  heart.  By  the  mouth  a  dram  has  caused  death 
in  a  boy  of  four  years.  Atropin  is  of  special  service  in  stimu- 
lating the  sympathetic.  Sodium  bicarbonate  is  the  antidote  for 
poisoning  by  the  mouth.  The  toxic  effects  of  chloroform,  taken 
internally,  are  subnormal  temperature,  nephritis,  fatty  degen- 
eration, and  pometimes  death  in  a  few  days. 

IfoUtion  of  ChloioIonn.^Post  mortem,  chloroform  is  detected  in 
the  lungs  nnd  blooil  bj  heating  these  in  a,  llaak  connected  with  a  hurd 
glass  tube,  which  is  liented  to  rednesa.  The  chloroform  is  thus  decom- 
posed into  perchlorbenzcne.  CuClp  (forms  needle-like  erystnls  in  front 
of  the  (lame),  CI  (acta  on  KI  and  slaroh  paper  in  tube  below  condenser) 
and  HCl    (ppts.  AgCl  from  AgNOj  aoliition  in  Liebig's  bulb  connected 

Death  under  ether  is  generally  from  asphyxia,  indicated  by 
shallow  breathing,  rapid  pulse,  and  cyanosis.  The  pupils  are 
usually  dilated.  An  ounce  has  caused  death.  The  most  impor- 
tant indications  are  to  clear  the  throat  of  mucus  and  employ 
artificial  respiration.  Ether  may  cause  death  after  anesthesia, 
by  pulmonary  congestion. 

Large  doses  of  camphor  may  excite  toxic  symptoms,  such 
as  burning  pain  in  throat  and  stomach;  foaming  at  the  mouth; 
cold,  clammy  skin;  retained  urine;  disturbed  vision;  tinnitus; 
paresis :  delirium ;  convulsions,  and  coma.  Three  drams  have 
caused  death.  Stimulants,  wannth  to  the  extremities,  and  hot 
and  cold  douches  are  specially  indicated. 

A  large  proportion  of  CO2  in  the  respired  air  causes  giddi- 
ness, ringing  in  the  ears,  irritation  of  the  throat,  loss  of  mus- 
cular power,  feeble  pulse  and  breathing,  and  rama.  The  pure 
gas  terminates  life  instantly  by  apnea  (asphyxia)  from  spasm 
of  the  glottis.  CO2  ia  classified  as  a  negative  narcotic,  suffoca- 
tive poison.  The  main  point  in  the  management  of  those  cases 
is  removal  of  the  patient  into  the  fresh  air  and  the  use  of  arti- 
ficial respiration  if  the  symptoms  demand. 

Carbon  monoxid  (coal-gas,  water-gas)  is  a  deadly  narcotic 
poison,  driving  out  oxygen  and  combining  with  the  hemoglobin 
of  the  blood,  which  in  extreme  cases  becomes  of  a  markedly 
bright-red  appearance.  Small  quantities  of  the  gas  produce 
headache,  vertigo,  nm=cular  weakness,  and  nausea.  A  fatal 
temiinnlinn  is  preceded  by  asphyxia,  local  paralyses,  fever,  or 
subnormal  temperature,  convulsions,  and  unconsciousness,  with 
loud  snoring — may  be  mistaken  for  dninkenness.  The  greater 
the  leucocytosis  produced,  the  graver  is  the  condition.  Death 
may  usually  be  referred  to  cerebral  congestion  or  hemorrhage. 
The  treatment  ia  not  often  successful,  and  includes  removal  into 
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the  fresh  air  and  slapping  the  chest  with  wet  towels,  or  reaort 
to  artificial  respiration.  Inject  a  pint  or  a  quart  of  physiologic 
salt  Bolution  every  hour  as  required.  HjOa  in  large  doses  by  the 
mouth  or  rectum  is  recommended.  CO  ia  the  active  agent  in  the 
so-called  cliarcoal  poisoning  practised  by  suicides  in  France. 
One  per  cent,  in  the  atmosphere  is  dangerous.  There  is  often 
frothing  at  the  mouth,  with  purple  lips  and  bleeding  from  the 
nose  or  lungs,  in  poisoning  by  the  fumes  of  coal,  coke,  or  char- 
coal, CO  is  the  gas  which  in  burning  buildings  suffocates  per- 
sons before  the  fire  reaches  them. 

Test  for  CO  In  Air  dt  IllnrolnatlnK  Qbi.— ^0  is  nbsorbed  by 
solution  of  CuCl  in  excess  of  HCI  or  NHiOH.  On  heating  to  boiling 
the  gas  is  expelled  nnd  burns  with  b  pale  blue  flame.  On  dropping 
the  gaseous  solution  into  a  bright-red  solution  of  PdClj,  a  black  ppt.  of 
metallic    Pd   results — this    teat    reacts   also    with    HjS,    H,   oione   and 

Sewer-gas  is  a  narcotic  poison,  and  more  than  1  per  cent. 
in  the  atmosjihere  may  prove  fatal.  The  symptoms  are  nausea, 
vomiting,  pains  in  the  abdomen  and  extremities,  vertigo,  paresis, 
convulsions,  and  insensibility.  The  best  treatment  is  removal 
into  fresh  air  and  the  use  of  stimulants  as  needed.  Apomorphin 
has  been  recommended  as  an  antidote. 

Fonnaldehyd,  when  freely  inhaled  or  swallowed,  produces 
vertigo,  diarrhea,  suppressed  urine,  burning  in  throat,  vomit- 
ing, unsteady  gait,  cardiac  depression,  and  sometimes  coma,  with 
stertorous  breathing.  For  poisoning  by  inhalation,  ammonia 
cautiously  inhaled  is  recommended.  When  formalin  has  been 
swallowed,  the  treatment  is  the  same  as  for  acute  alcoliolic  poi- 
soning.   .\romatic  spirit  of  ammonia  is  a  reliable  antidote. 

Isolation  o(  Fonnaldehyd. — Make  uialerjal  into  a  past*  with 
water  thnt  liaa  been  aridified  with  H^R04;  add  excess  of  dry  NaoS04  and 
distil].    All  the  HCOH  passes  over  in  the  first  portions. 

DEFBESSANTS. 

Depressants,  or  hypostheniants,  are  marked  especially  by 
feeble  pulse  and  breathing,  and  cause  death  by  paralysis  of  the 
heart  or  respiratory  center.  InMnsibility  does  not  come  on 
until  CO2  narcosis  supervenes.  All  depressants  except  the 
cyanogen  compounds  have  as  antidotes  tannic  acid  or  strong 
green  tea.  Hypodermics  of  strychnin,  brandy,  aromatic  am- 
monia, ether,  digitalin,  and  atropin,  and  the  administration  of 
strong  coffee  and  amyl-nitrite  inhalations  are  in  order.  The 
recumbent  posture  should  be  strictly  maintained.  Artificial 
respiration  may  be  required.  Mustard  poultices  to  the  pericar- 
dium do  pood.  The  patient  should  be  kept  warm  (hot  drinks, 
hot  applications,  and  friction).  Faradization  or  galvanization 
of  the  respiratory  muscles  is  recommended  by  some  authoritiea. 

Hydrocyanic  acid  and  substances  containing  it    (cyanids. 
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cherry-laurel,  crude  oil  of  bitter  almondB,  wild-cherry  bark, 
cassava,  pita  of  Btone-fruit,  etc.)  produce  almost  immediate  pali- 
Tation ;  constricted  throat ;  giddiness ;  falling ;  insensibility ; 
convulsions  (like  epilepsy — often  trismus  and  clenching  of 
bands;  pupils  dilated  and  insenRitive  to  light) ;  glassy,  protruded 
eyes;  sobbing  or  etertorous  breathing;  frothing  at  the  mouth; 
coldness,  and  collapBe.  KCN  has  a  corrosive  action.  The  acid 
itself  usually  kills  in  fifteen  to  thirty  minutes.  In  protracted 
cases  a  severe  bronchitis  or  pneumonia  may  develop.  Death  has 
followed  fbe  ingestion  of  30  minims  of  the  official  ■  acid,  8^ 
grains  of  KCN,  and  20  minims  of  oil  of  bitter  almond.  The 
peach-blossom  odor  of  ITCN"  and  cyanids  is  very  characteristic. 
A  watch-glass  with  a  drop  of  AgNO.i  Rolution  adhering  to  it, 
when  held  before  the  mouth  of  the  patient,  may  show  a  white 
■film  of  AgCN,  Whatever  is  to  be  done  must  be  done  quickly. 
Empty  the  stomach  immediately;  slap  the  chest  with  a  wet 
towel;  use  artificial  respiration;  inject  atropin,  strychnin,  or 
«ther,  and  use  amyl  nitrite  or  ammonia  by  inhalation.  Chlorin- 
water  and  chlorinated  lime  are  mentioned  as  antidotes.  For  the 
cyanids,  which  are  somewhat  slower  in  action,  Co(N03)2,  or  a 
mixture  of  ferric  and  ferrous  sulphates  with  sodium  carbonate 
might  be  of  service.  HCN  acts  in  every  way  like  asphyxia, 
interfering  with  assimilation  of  0.  Dependent  parts  and  the 
finger-nails  often  show  bright-red  or  violet  patches. 

laolatlon  of  HCH. — In  cases  of  eiiapeeted  poiaoning  bj  HCN  or 
cyanids.  the  Diaterial  to  he  eiamjned  should  b«  distilled  (with  water  if 
need  be)  nnd  collected  for  testing.  H3SO4  added  to  the  distillate 
liberates  HCN  from  the  poisonous  cjani'ds  as  well  as  from  the  non- 
poisonous  ferrocyanids  and  ferricyBnida,  The  presence  or  absence  of 
the  latter  salts,  therefore,  should  be  determined  berore  adding  the 
mineral  acid. 

Nitrobenzene  (oil,  or  essence,  of  mirbane)  is  like  pnissic 
acid  in  action,  but  much  slower.  It  is  marked  by  cyanosis, 
headache,  drowsiness,  ataxia,  arhythmia,  paresis,  methemoglo- 
binuria,  Cheyne-Stokes  breathing,  and  apoplectiform  coma.  The 
drug  amells  like  oil  of  bitter  almonds,  but  does  not  turn  crimson 
with  sulphuric  acid.  Fifteen  grains  have  been  fatal  in  from  four 
to  twenty-four  hours.  The  treatment  is  the  same  as  for  HCN 
poisoning. 

Benzene  by  the  mouth  or  lungs  causes  tremors,  headache, 
vertigo,  delirium,  convulsions,  and  coma.  One  ounce  has  been 
fatal. 

Nitroglycerin  is  sometimes  added  to  liquors  ("knockout 
drops")  for  stealing  or  for  homicidal  purposes.  It  produces 
severe  headache,  weakness,  vertigo,  dyspnea,  cyanosis,  delirium, 
snd  coma.     Coffee  is  of  service  in  relieving  these  s^-mptoms. 

The  nicotin  of  tobacco  produces  nausea,  vomiting,  purging, 
pallor,  giddiness,  slow  pulse,  great  depression,  tremors,  cold 
sweats,   contracted   pupils,  and    tetanic   or  clonic   convulsions. 
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TherG  is  a  strong  tobacco-odor  about  the  patient;  nicotin  ita 
is  colored  blood-red  or  brown  by  chlorjn,  Ooe  minim  of  nicotin 
has  proTed  fatal,  the  period  of  death  being  from  five  minutes 
to  an  hour  or  more.  Only  y-z  dram  of  tobacco,  given  by  enema, 
has  caused  death.  The  pieces  of  leaves  should  be  examined 
under  the  microscope  for  their  peculiar  hairs. 

Lobelia  and  its  preparations  pive  rise  to  Ryniptoma  very 
similar  to  thopo  produced  by  tobacco,  but  there  is  more  nar- 
cotism. The  peculiar  heavy,  unpleasant  odor  of  the  plant  may 
be  noted.    One  dram  of  the  leaves  has  led  to  a  fatal  result. 

The  fresh  leaves  of  conium  (hemlock)  have  been  mistaken 
for  parsley.  It  causes  gastric  irritation;  vertigo;  diplopia; 
ptosis ;  slow,  labored  breathing ;  dilated  pupils ;  drowsiness ; 
staggeriug;  motor  paralysis ;  dysphagia;  aphonia,  and  asphyxia, 
and  death  from  failure  of  respiration.  It  has  a  peculiar  odor. 
The  fatal  dose  of  coniin  is  1  minim ;  period,  one  to  three  hours. 

Cocain  poisoning  is  accompanied  by  a  small,  rapid,  inter- 
mittent pulse;  slow,  ahallow  breathing;  a  sense  of  tightness 
about  the  chest ;  protruding  eyeballs ;  dilated  pupils ;  cold, 
clammy  skin;  excitement,  fullness,  and  pain  in  head ;  hallucina- 
tions; delirium;  convulsions,  and  coma.  The  patient  may 
complain  of  feeling  small  foreign  bodies  under  the  skin  and 
of  dryntsB  and  burning  in  mouth,  throat,  and  stomach.  The 
drug  makes  the  tongue  tingle,  then  anesthetic.  A  solution 
dilates  the  pupil  of  a  cat  or  dog  when  locally  applied.  Leas 
than  a  grain  {%  grain  hypodermically)  of  the  hydrochlorate  has 
caused  death  in  a  few  minutes  to  several  hours. 

Gelsemium  preparations  produce  vertigo;  diplopia;  ptosis; 
dysarthria;  dilated  pupils;  labored  breathing;  rapid,  feeble 
heart;  extreme  weakness;  wide  anesthesia,  and  perhaps  tetanic 
convulsions.  A  dram  of  the  fluid  extract  has  caused  death  in 
from  one  to  eight  hours.    Morphin  is  specially  indicated. 

Aconite  preparations  find  frequent  use  in  medicines  as 
fever-cures  and  neuralgia  liniments;  the  root  has  been  mis- 
taken for  horse-radish.  Toxic  symptoms  (rarely  delayed  beyond 
an  hour)  are  burning  and  tingling  of  tongue  and  throat ;  numb- 
ness of  finger-tips  and  convulsive  twitchings,  leading  to  paralysis ; 
cardialgia;  weak,  slow  pulse;  nausea,  vomiting,  and  diarrhea; 
clammy  coldness,  dilated  pupils;  vertigo;  slow,  difficult,  feeble 
breathing;  clonic  spasms,  and  very  great  prostration.  Conscious- 
ness is  retained  to  the  last.  Of  the  tincture,  25  minims  have 
proved  fatal;  of  the  alkaloid,  y^a  grain.  Death  is  sudden  from 
collapse  or  asphyxia  within  three  or  four  hours  generally. 
.\tropin,  brandy,  coffee,  strychnin,  and  digitalis  arc  most  helpful. 
The  back  and  limbs  may  be  rubbed  with  hot  towels. 

Teiti  for  Aeonlte.—Physiologic  tests  ftre  most  important,  using 
graphic  curves  in  connection  with  the  injpction  of  a  standard  solution 
of  the  same  poison,  for  quantitative  purposes.  The  pigeon,  Bays 
Migill,  is  perhaps  the  most  delicate  means  of  studying  the  action  and 
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mg  the  amount  of  tlie  poisOD.  The  poison  is  beat  proved 
IHoiimiinD)  by  ita  charncteristic  action  (quickening,  slowing,  quicken- 
ing, blowing)  upon  the  frog's  lieitrt. 

Laurel  contains  andromedotoxin,  CsiH^jOio-  Its  action  is 
Bimilar  to  aconilin,  with  pnin  in  head  and  temporary  blindness. 
It  is  aometinies  present  in  honey.  Locust  hark,  leaves,  and  root 
are  poisonous,  causing  vomiting,  dry  mouth  and  throat,  flushed 
face,  dilated  pupils,  feebie  heart  action,  and  stupor. 

Calabar  bean,  or  pfaysosttgoia,  and  its  allcaloid  are  distin- 
guished by  the  marked  myosis  they  produce.  Other  symptoms 
are  vertigo;  nausea,  vomiting;  plow,  shallow  respiration;  abol- 
ished refiexes,  and  general  paralysis.  Eserin  gives  a  marked 
red  color  with  bromin-water.  Of  this  alkaloid,  1^  grains  (six 
beans)  have  proved  fatal.  Atropin  is  the  physiologic  antagonist. 
Chloral  is  of  use  at  an  early  stage. 

The  arrow-poison,  curare  or  woorara,  produces  a  chill; 
rapid,  weak  pulse;  sighing,  labored  breathing;  fever;  protrud- 
ing eyeballs;  inco-ordination,  and  motor  paralysis.  Injected 
beneath  the  skin  of  a  frog,  it  causes  paralysis  of  the  voluntary 
and  respiratory  muscles.  A  few  grains  have  caused  death  in 
one  and  one-half  hours  or  more.  Alkaline  solution  of  potassium 
permanganate  is  of  service  locally. 

The  coal-tar  antipyretics  frequently  lead  to  cyanosis;  slow 
breathing;  feeble,  irregular  pulse;  vomiting;  profuse  sweat- 
ing, and  profound  prostration;  jaundice,  nephritis,  jactitation, 
unconsciousness.  Methemoglobinuria  is  often  pret^ent,  and  the 
blood  shows  numerous  nucleated  red  cells  and  marked  leucocy- 
tosis.  Headache  powders  may  escite  salivation  and  a  discharge 
from  the  nose  and  eyee.  Five  grains  of  acetanilid  have  caused 
death.  Alcohol,  ether,  strychnin,  and  oxygen  inhalations  are  the 
best  stimulants  in  such  cases.  Warmth  should  be  applied  to  the 
feet  and  the  body.    Wanu  baths  and  cold  aSusions  are  useful. 

Anilin  oil  causes  marked  gray-blue  cyanosis  (methemo- 
globin),  headache,  vertigo,  feeble  pulse,  staggering,  convulsions, 
and  coma.    A  little  less  than  an  ounce  has  proved  fatal. 

.\nilin  dyes  in  clothing  may  excite  local  edema,  eczema,  or 
anesthesia.  Anilin-black  (used  to  dye  boots)  contains  90  per 
cent,  anilin  oil. 

Antipyrin  in  toxic  doses  excites  skin  eruptions  and  edema 
of  the  face. 

Bromofonn  poisoning  (a  few  drops)  is  marked  by  cyanosis; 
pin-point  (or  dilated)  pupils;  shallow,  irregular,  stertorous 
breathing;  weak,  arhythmic  pulse,  and  relaxed  muscles.  One 
dram  ha?  caused  the  death  of  a  child.  Thirty  grains  of  iodoform 
have  proved  fatal ;  KBr  is  a  physiological  antagonist.  Strychnin, 
hypodermically,  is  likewise  recommended. 

Santonin,  used  so  extensively  as  a  vermifuge,  has  caused 
death  in  the  dose  of  2  grains.  The  symptoms  of  poisoning  are 
violet  or  green-yellow  vision,  trismus,  dilated  pupils,  hallucina- 
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tioEB,  convulsions,  and  collapse.    The  urine  is  colored  greenish- 
yellow  ;  red,  if  alkaline. 

The  symptoms  of  trembles,  or  milk  aickness,  are  ascribed 
to  aluminum  plioephate  (an  acidoeis),  present  in  certain  planta, 
particularly  white  enakeroot  and  raylesa  goldenrod.  Sodium 
bicarbonate  is  a  preventive  and  antidote. 


COHYTTLfiAirrS. 

These  are  characterized  chiefly  by  tonic  and  clonic  spasmB. 
The  mind  is  usually  clear  till  near  the  end,  due  to  paralysis  of 
the  vasomotor  center.  Nux  vomica  and  ignatia  contain  the  alkar 
loids  strychnin  and  brucin.  The  former  is  sometimes  used  in 
vermin -killers.  It  has  a  very  bitter  taste,  and  produces  restless- 
ness, shivering,  shuddering,  epigastric  pain,  twitching  muscles, 
sudden  jerkings  of  the  limbs  and  head,  and  especially  tonic 
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spasme  of  the  neck,  back,  chest  and  diaphragm,  followed  by 
sweating.  The  resulting  dyspnea  ie  marked  by  a  livid,  congested 
face,  which  wears  an  unmeaning  smile  {risiis  sardonicus)  and 
often  foaming;  the  eyes  are  staring,  pupils  dilated,  intense  thirst 
may  be  complained  of,  and  the  pulse  becomes  very  rapid  and 
feeble.  The  senses  are  extremely  acute,  and  the  slighteet  noiae  or 
excitement  may  precipitate  a  spasm.  Although  there  is  a  strange 
feeling  in  the  jaw,  this  is  seldom  involved  in  spasm,  and  then 
late  (distinction  from  tetanus).  The  symptoms  of  bnicin  poi- 
soning are  similar,  but  slower  and  less  marked.  One-fourth 
grain  of  strychnin,  30  grains  (or  one  seed)  of  powdered  nux,  and 
3  grains  of  hrucin  have  resulted  fatally.  The  period  of  death 
from  strychnin  is  from  five  minutes  to  six  hours;  average,  two 
hours.  Tannic  acid  or  hot,  strong  coffee  or  green  tea  and  char- 
coal arc  useful  antidotes.  Keep  me  patient  quiet  in  a  darkened 
room ;  use  chloroform  or  ether  inhalations  during  the  parox- 
ysms; also  artificial  respiration  if  needed.  Chloral  in  milk  by 
the  rectum  is  a  most  dRcient  antagonist;  atropin  is  likewise 
useful.  Ice  to  the  spine  is  of  some  service.  0  inhalations  are 
indicated  if  respiration  is  much  diminished  by  spasm.  If  life 
is  maintained  for  five  or  six  hours,  recovery  is  probable.  Strych- 
nin is  eliminated  partly  unchanged  in  the  urine.  Rigor  mortis 
after  death  from  strychnin  is  persistent.  Tetanus  is  more  grad- 
ual (several  days)  in  onset,  with  fever  and  rigors  between  attacks. 
The  neck  and  jaw  muscles  are  first  affected. 

Physiologic  Test  (or  Strychnln.^The  frog  is  peculiarly  susceptible 

to  strvelinin  (Vimmo  grain  causes  convulxional,  nnd  so  (urniahcB  b 
delicate  test-subject  for  this  alknloid,  the  suspected  matter  being 
injected  into  the  lymph-pouch  under  the  skin  at  the  back  at  the  root  of 
the  legs. 

Picrotoxin  (1  per  cent,  of  eocculua  Indicus)  sets  up  intense 
thirst,  abdominal  pain,  choreic  spasms  (mostly  flexor),  giddi- 
ness, lethargy,  delirium,  coma,  dilated  pupils;  labored,  rapid, 
and  then  slow  breathing;  paralysis.  It  has  an  intensely  bitter 
taste.  Sulphuric  acid  gives  with  it  an  orange-yellow  color. 
Three  grains  of  picrotoxin  have  caused  death  in  about  a  half- 
hour.  The  treatment  is  the  snme  as  for  strychnin.  Fishberriea 
(grains  of  paradise,  levant  nuti')  have  been  mistaken  for  cuheba, 
pepper,  or  wild  cherries;  3G  grains  have  caused  death.  Coc- 
cuiuB  Indicus  resembleB  the  extract  of  hazelnut  kernel,  some- 
times employed  to  improve  the  fiavor  of  whisky,  and  ha.s  been 
used  in  "knockout  drops." 

('icuta  mnculata  (spotted-,  wild-,  or  water- hemlock)  is 
sometimes  mistaken  for  parsnips  or  horse-mdish.  A  piece  of  the 
root  the  size  of  a  marble  has  jiroved  dangerous  to  man.  The 
symptoms  and  treatment  are  similar  to  picrotoxin.  Oil  of  cedar 
may  excite  epileptiform  convulsions  and  coma. 
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OHRONIO  POISONING. 

Chronic  poisoning  is  generally  the  result  of  occupation  or 
environment.  The  continued  absorption  of  metallic  substances 
leads  first  to  neuritis  and  later  paralysis.  The  treatment  in 
general  is  to  remove  the  cause  if  possible;  to  get  rid  of  the 
accumulated  poison  by  the  administration  of  full  doses  of  potas- 
sium iodid  in  plenty  of  water,  and  the  symptomatic  relief  of 
paralysis  and  other  symptoms  by  electricity  and  other  suitable 
measures  as  indicated  in  the  individual  case.  In  the  treatment 
of  lead  poisoning  dilute  sulphuric  acid  and  magnesium  sulphate 
are  administered  to  ppt.  the  poison  excreted  by  the  intestine 
and  eliminate  it  in  this  way.  Injections  of  morphin  and  atro- 
pin  may  be  occasionally  required  to  relieve  pain.  The  victims 
of  drug  habits,  particularly  morphinomaniacs,  acquire  a  certain 
immunity  to  the  poison  taken,  and  often  bear  enormous  doses. 

LEAD. 

Chronic  lead  poisoning  is  seen  most  frequently  in  painters, 
printers,  plumbers,  smelters,  and  founders;  less  frequently  in 
potters,  file-cutters,  leather-cutters,  pewterers,  lace-makers, 
artists,  tinners,  glazers,  glass-grinders,  japanners,  lapidaries  and 
manufacturers  of  lead  paints,  glass  enamel,  hair-brushes,  oil- 
cloths, rubber,  shot,  sheet-lead,  false  pearls,  (Pb2Si04),  etc. 
It  may  arise  from  drinking-water,  especially  when  this  is  soft 
or  carbonated;  also  from  drinking  acid  liquors  from  pewter 
vessels  or  stopcocks.  Other  occasional  sources  are  tin-foil  goods, 
chrome-yellow  in  cakes  and  candies;  acid  canned  goods  (acting 
on  solder) ;  vinegar  and  preserves  kept  in  glazed  earthen  vessels; 
snuff  colored  with  minium  or  chromate ;  contamination  of  flour 
by  plugs  of  lead  in  millstones;  contamination  during  manufac- 
ture of  acids  and  salts;  leaden  toys;  colored  paper;  false  teeth; 
biting  off  thread  weighted  with  white  lead;  use  of  PbS  or  cal- 
cium plumbite  as  a  hair-dye,  or  of  carbonate  as  a  cosmetic; 
abortifacient  pills;  the  use  of  shot  in  cleaning  bottles;  soda 
or  potash  kept  in  flint-glass  bottles;  hat-linings  glazed  with 
white  load;  lead  plates  in  dentistry;  collyria;  vaginal  injec- 
tions; sleeping  in  freshly  painted  rooms.  The  enameled  ware 
in  common  use  is  free  from  lead.  Fresh  lead-pipe  is  oxidized 
by  0  in  water,  forming  a  soluble  bicarbonate  with  CO2,  later 
forming  a  crust  of  insoluble  hydrated  oxycarbonate. 

The  leading  symptoms  of  plumbism  are  motor  paresis  or 
paralysis,  most  marked  in  the  extensor  muscles  of  the  forearm 
("wrist-drop'^  or  "thumb-drop"),  preceded  by  slight  numbness 
and  tremors;  neuralgic  pains  in  the  flexures  of  the  joints; 
amaurosis;  obstinate  constipation,  with  paroxysms  of  twisting, 
grinding  pain  (lead  colic)  in  the  middle  abdomen,  which  is 
usually  depressed  and  board-like;   slow,  full,  hard  pulse;   ema- 
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ciation ;  sallow,  anemic  pallor,  and  afebrile  encephalopathy 
(mental  depreesion  and  lassitude,  headache,  dizziness,  disturbed 
sleep,  delirinm,  hallucinations,  saturnine  lunacy,  epileptiform 
convubions,  and  partial  coma).  Pregnant  women  Bubject  to 
plumbiFm  are  very  liable  to  miscarry. 

A  narrow,  blue-black  line  is  sonietimea  noted  at  the  in- 
tragingival  margin  of  the  gums  and  teeth,  due  to  a  deposition 
of  PbS  in  the  capillaries.  If  a  small  area  of  skin  is  painted 
with  6-per-cent.  sodium  sulphite,  it  will  darken  after  a  few  days. 
The  metal  is  nearly  always  to  be  found  in  the  greatly  concen- 
trated urine  {boil  down  with  dilute  nitric  acid),  especially  after 
the  administration  of  KI  for  a  day  or  so.  Lead  escapes  five 
to  ten  times  as  much  by  the  bowels  as  by  the  kidneys.  Men  in 
I  works  eoraetimea  drink  water  containing  a  little  H2SO4  as 
a  preventive  of  plumbism,  and  alum  is  likewise  of  service. 

Bete nnl nation  of  Lead  In  the  TIrlse  (Lederer). — Five  hundred 
cubic  centimeters  of  the  urine  U>  be  examined  ore  placed  in  a  porcelain 
dish  (lead  free)  or  in  b  Bufflcienttj  capacious  beaker,  and  about  TO  c.c. 
rated  sulphuric  acid  (free  from  metnls)  are  added  and  tbe 
combined  amounts  are  heated  over  a,  Bunsen  burner.  Potassium  persul- 
phate iti  added  in  small  portions  to  the  amount  of  20  or  2.^  grams.  Tlie 
urine,  which  is  colored  red  by  the  addition  of  the  eulphuric  acid,  is  only 
slightly  yellow  when  boiling  starta;  the  urine,  probably  cloudy  before, 
almost  instantly  becomes  clear  and  transparent.  It  is  then  evaporated 
to  about  half  its  volume. 

Should  the  solution  become  cloudy  during  evaporation  a  small 
amount  of  concentrated  sulphuric  arid  ia  added  and  the  boilins  con- 
tinued for  about  ten  minutes.  A  fen  crystals  of  potassium  perauTpbate 
should  be  added  in  case  the  urine  darkens  again  during  evaporation,  but 
e  ihould  be  taken  to  remove  the  burner  first  to  prevent  the  liquid 
from  boiling  over.  This  procedure  is  only  occasionally  neccBsary  ai  the 
urine  generally  remains  clear,  and  slightly  vellowiah.  After  the  urine 
has  evaporated  to  about  260  e.c.  it  ia  allowed  to  cool  and  about  SSO  c.c. 
alcohol  (90  vol.  per  cent.)  is  added.  It  now  <s  allowed  to  stand  about 
four  hours  in  a  coal  place;  during  this  time  the  smallest  amount  of 
lead  is  precipitated  as  Insoluble  sulphate.  The  evaporation  of  the 
urine  can  also  be  carried  on  till  leas  than  half  iti  volume  remains,  but 
an  equal  volume  of  the  alcohol  should  always  be  added. 

The  solution  is  then  filtered  through  a  quantitative  fitter,  washed 
with  hydrochloric  and  fluoric  acid,  and  the  beaker  or  dish  carefully 
washed  out  with  alcohol.  Washing  the  fitter  is  only  necessary  once  to 
remove  coloring  matter.  A  clean  smell  beaker,  or  test-tube,  is  put 
underneath  the  funnel,  and  a  small  hole  is  punched  through  the  tip  of 
the  filter  with  a  clean  glass  rod.  Everything  on  the  filter  is  then 
washed  down  carefully  with  distilled  water  from  a  wash  bottle,  care 
being  taken  not  to  get  too  much  Quid.  If  carefully  bandied  not  more 
than  10  c.c.  are  required.  Care  also  should  be  taken  to  remove  all 
particles  left  on  the  small  glass  rod.  If  considerably  more  than  10  c.c. 
are  used  tbe  solution  can  be  evaporated  again  if  a  quantitative  determina- 
tion is  wanted.  For  qualitalive  determination  it  does  not  matter  if  a 
few  c.c.  more  or  leas  of  distilled  water  are  present.  The  solution  in  the 
teat-tube  now  contains  alt  the  load  of  the  BOO  c.c.  urine,  il  such  was 
present,  in  the  form  of  an  insoluble  sulphate  of  lead.  The  amount  ia 
wometimes  too  small  to  be  observed  a^  a  precipitate  witti  the  naked  eye. 
It  might  be  only  a  slight  cloudiness,  hardly  visible.  The  solution  is 
heated  over  the  Bunsen  burner  and  crystals  of  sodium  acetat«  are  added 
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till  the  solution  appears  entirely  clear  and  transparent.  After  the 
Bolution  U  cleared  uc>  it  is  allowed  to  cool  and  hydrogen  sulphid  gas  is 
passed  through  it.  The  stighteBt  yel  la  wish-brown  discoluration  proves 
the  presence  of  lead.  It  is  preferable  to  pass  the  gas  also  through  a 
teai-tube  containing  the  same  amount  of  distilled  water,  inasmuch  as  a 
slight  discoloration  can  be  easily  differentiated  by  comparing  the  two 
solutions  after  the  gas  has  been  passed  through.  Five  minutes  is 
sufficient  for  the  passage  of  the  gae. 

A  great  advantage  of  this  roetbod  is  that  even  if  bismiith  is 
present  in  the  urine  it  will  not  interfere  with  this  test,  neither  will  xay 
other  substance  likely  to  be  present.  By  comparison  with  artificial 
lead  solutions  containing  1  mg.,  2  mg.,  3  mg.>  etc.,  of  lead  per  liter,  a 
simple  quantitative  colorimetnc  method  can  be  established.  (One  part 
lead  acetate  CrystaJ  contains  0.64  part  of  load.) 


ABS£NIC. 

Chronic  arsenical  poisoning  may  result  from  continuous 
medication  or  homicidal  administration.  It  also  occurs  among 
smelters,  miners,  furriers,  taxidennists,  naturalists,  manufactur- 
ing chemists,  embalmers,  and  dressmakers  (from  green  tarlatan). 
Occasional  Bources  of  poisoning  are  from  green  wall-paper  (from 
lees  than  a  grain  to  a  dram  per  equare  foot — certain  moulds  lib- 
erate diethyl-arsin ) ,  toys,  and  candies;  anilin-dyed  lace  and 
clothing ;  artificial  flowers ;  white  enamel ;  composition  can- 
dles; carpets;  porcelain  lamp-shades,  and  the  internal  use  of 
the  drag  for  cosmetic  effect.  Much  As  may  be  present  in  stock- 
inga  (black  especially)  and  in  furs.  Scheele's  green  is  employed 
for  wax-taperH,  book-covers,  cretonnes,  calicoes,  and  tarlatan. 
Drinking  beer  made  from  glucose  prepared  with  HaSO^,  derived 
from  arsenical  pyrites,  has  led  to  fatal  arsenism.  Arsenic  is 
often  a  contaminant  of  commercial  glycerin  and  of  bismuth 
(bismuth  arfienate).  Wheat  is  preserved  for  planting  with  ar- 
senical Folutions.  Sheep  dip  is  composed  of  white  arsenic,  tar, 
and  soft-soap.  Lead  arsenate  ia  used  on  foliage  to  destroy  the 
gypsy  moth.  There  are  traces  of  As  in  coal-gas.  As  occurs  in 
some  soils  as  an  insoluble  Fe  compound. 

The  symptoms  of  arsenism  often  simulate  enterocolitis  or 
may  be  like  even  typhoid  fever,  with  simple  "poor  health,"  pro- 
gressive weakness,  and  loss  of  weight.  There  is  gastrointestinal 
irritation,  giddiness,  salivation,  faintness,  nausea,  vomiting,  and 
diarrhea;  conjunctivitis  and  edematous  puffing  of  the  lower 
lids;  erythema;  eczematous,  squamous,  or  vesicular  eruptions, 
and  rarely  melanosis  or  keratosis;  gradually  increasing  diffuse 
multiple  neuritis  (numbness  and  tingling  of  fingerg  and  toes, 
darting  pains  in  limbs  and  continuous  pain  in  joints),  followed 
by  local  (rarely  general)  pareses  and  paralyses,  chiefly  of  the 
leg-extensors  and  peroneal  group,  causing  "steppage  gait." 
Mania  has  been  noticed  rarely.  Albuminuria  is  common,  and 
arsenic  may  be  detected  in  the  urine  by  Marsh's  test  after  oxidiz- 
ing all  organic  matter.    In  the  urine  arsenic  occurs  partly  as  a 
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very  poisonous  volatile  organic  base,  which  causes  couTulsions 
in  frogs. 

Arsenic  eaterg  (up  to  25  grains  daily)  have  a  pearly  white 
skin.  The  face  is  plump  and  the  eyea  are  brilliant.  The  sweat 
has  a  strong  metallic  odor.  Sudden  death  from  heart  weakness, 
Bometimos  preceded  by  mild  dementia,  is  observed  in  haiitues^ 

Hydrargj'rism  is  observed  among  quicksilver  miners,  smelt- 
ers, gilders,  mirror-makers,  hatters,  furriers,  bronzers,  photog- 
raphers, and  manufacturers  of  barometers,  thermometers,  amal- 
gams, artificial  teeth,  and  vermilion  pigment.  It  may  also  arise 
from  fillings  in  teeth  or  from  medication.  The  most  characteris- 
tic symptom  of  chronic  mercurial  poisoning  is  the  "intention 
tremors"  (aggravated  by  motion),  with  numbness  and  tingling 
of  anesthetic  patches,  followed  by  paralysis  ("shaking  palsy"), 
extending  gradually  from  the  upper  extremities  to  all  the  mus- 
cles of  the  botly.  Another  important  and  early  symptom  is 
ptyalism,  accompanied  by  sore  and  swollen  gums  and  very  offen- 
sive breath,  and  rarely  followed  by  falling  out  of  teeth  and 
maxillary  necrosis. 

Other  symptoms  are  nausea,  vomiting,  anemia,  loss  of 
weight,  eczema,  erythema.  Warm  baths  and  open  bowels  are 
important  factors  in  the  treatment  of  mercurialisra.  Traces  of 
Hg  are  very  commonly  found  in  the  viscera  as  an  accumulation 
from  mercurial  treatment. 

The  poison  can  be  detected  in  the  urine  next  day  after 
giving  KI.  Acidulate  urine  with  HCl,  add  Cu  filings,  heat  for 
five  minutes  at  50°  to  60°  C,  and  let  stand  till  cool.  Wash 
filings,  transfer  to  a  shallow  dish,  and  invert  over  this  a  watch- 
glass  having  on  its  under  surface  1  drop  of  l-per-cent.  AuCIa 
solution.  On  heating  over  a  low  flame  the  Hg  film  on  the  Cu 
will  volatilize  and  redden  the  AuCla.  This  test  is  said  to  react 
with  1  part  of  Hg  in  10,000,000. 

COPPEE. 

Chronic  copper  or  brass  poisoning  has  been  noted  among 
artisans  who  work  in  these  metals.  It  may  nlso  occur  from 
keeping  food  in  dirty  copper  vessels — never  fatal  (oxid  soluble 
in  dilute  acids),  or  from  color  adulterations. 

The  subjects  of  this  condition  complain  of  an  acrid,  styptic, 
coppery  taste ;  of  a  dry,  parched  tongue ;  heat  and  constriction 
of  the  throat,  and  continuous  spitting.  Anemia,  cachexia,  and 
nerve  and  muscle  symploms  are  nlso  quite  common.  There  is 
sometimes  a  greenish  or  purple  line  at  the  gum-margins;  colicky 
pains  and  abdominal  tenderness,  and  bloody,  greenish  diarrhea, 
with  tenesmus.  Greenish  perspiration  has  been  observed  in  the 
hairy  parts.    The  metal  can  generally  be  isolated  from  the  urine. 
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"Copper  colic*'  is  claimed  by  some  as  being  due  to  Pb  and  As  in 
ores  and  in  the  commercial  metal  and  solders. 

ZINC. 

"Zinc  fever,'*  or  '^rassfounders*  ague,"  is  characterized  by 
chills,  headache,  cough,  sore  chest,  cramps  in  the  legs,  profuse 
perspiration,  colic,  indigestion,  diarrhea.  Such  attaclffl  may 
recur  frequently. 

MANGANESE. 

The  symptoms  sometimes  presented  by  workers  in  Mn  in- 
clude weakness  and  various  pareses,  facial  paralysis,  tremors, 
exaggerated  tendon  reflexes,  disturbances  of  voice  and  speech, 
and  edema  of  the  lower  limbs. 

ANTIMONY. 

Chronic  antimonial  poisoning  may  be  caused  by  medication 
or  homicidal  administration.  There  is  great  depression ;  clammy 
sweats,  distressing  nausea>  with  occasional  mucous  and  bilious 
vomiting,  dyspnea,  diarrhea,  muscular  cramps,  and  a  small,  fre- 
quent pulse.  The  urine  is  increased  in  quantity  and  shows  the 
poison  with  Marshes  teat. 

SUVEB. 

Argyria  rarely  occurs  nowadays  from  the  protracted  ad- 
ministration of  silver  salts  or  repeated  cauterization,  and  has 
also  been  noted  in  persons  engaged  in  silvering  glass.  The  char- 
acteristic sign  is  a  permanent  olive,  slaty,  or  gray-brown  colora- 
tion, beginning  in  the  conjunctiva,  around  tiie  nails,  and  the 
inside  of  the  lips.  It  is  irremediable,  and  is  due  to  decomposition 
of  Ag  salts  (chlorids)  in  the  tissues  exposed  to  light,  with  depo- 
sition of  the  metal.  Prominent  nervous  symptoms  are  inco- 
ordination, tetanic  convulsions,  and  widespread  paralysis,  with- 
out loss  of  electromuscular  irritability. 

FHOSFHOBirS. 

Chronic  phosphorus  poisoning  is  seen  among  people  engaged 
in  the  manufacture  of  matches  with  white  phosphorus.  The 
chief  lesion  is  periostitis  of  the  jaw,  followed  by  caries  of  teeth 
and  necrosis  of  the  bone.  Carious  leeth  predispose.  Qastro- 
enteritis,  joint  pains,  peripheral  palsies,  jaundice,  hectic  fever, 
chronic  bronchial  catarrh,  anemia,  purpura,  and  peptonuria  may 
be  present.  The  urinary  phosphates  are  increased.  Death  de- 
pends upon  exhaustion.  Oil  of  turpentine  and  alkaline  moutii- 
washes  (NaHCOs)  may  help  to  prevent  necrosis. 
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ALCOHOL. 

Chronic  alcoholism  ig  markerl  by  chronic  gastric  catarrh, 
with  furred  tongue  and  morning  vomiting.  Peripheral  neuritis 
and  fine  tremors  of  the  hands  and  tongue  (worse  mornings  be- 
fore a  drink)  are  also  noted,  as  well  as  a  marked  moral  change. 
The  small  veins  of  the  nose  and  cheek  are  dilated,  and  the  eyes 
are  red  and  watery.  Delirium  tremens  is  Bometimes  precipitated 
by  trauma  or  acute  fevers,  particularly  pneumonia.  It  is  espe- 
cially common  in  those  addicted  to  spirits.  Hepatic  cirrhosis, 
granular  kidney,  fatty  heart  and  liver,  and  a  special  liability  to 
phthisis  and  acute  infections  are  among  the  effects  of  the  long- 
continued  use  of  alcohol.  Epilepsy  and  insanity  occur  fre- 
quently in  absinthe  drinkers. 


The  ether  habit  is  marked  by  muscular  weakness,  tremors, 
cramps,  and  headache. 

TOBACCO. 

Smoking  is  more  liahle  to  excite  toxic  symptoms  than 
chewing.  Tobacco  smoke  contains  CO  and  HCN.  Among  the 
most  important  symptoms  of  chronic  tobacco  poisoning  are  car- 
diac palpitation  and  false  angina  pectoris,  rapid  or  intermittent 
pulse,  granular  inflammation  ot  the  fauces  and  pharyns,  tremors, 
giddiness,  nervous  depression,  sclerosis  of  middle  ear,  and  amau- 
rosis or  fluttering  scotoma  and  color-blindness.  The  drynesa  of 
the  throat,  from  the  caustic  action  of  the  potash  in  the  leaf, 
favors  dyspepsia  and  alcoholism. 

uoRFHiN  OB  opnm. 

The  morphin  or  opium  habit  may  be  developed  even  in 
young  infants  from  sucking  an  haiiUuc  or  from  the  continued 
use  of  soothing  syrups.  The  signs  of  addiction  are  chiefly 
progressive  asthenia ;  disturbed  sleep ;  mental  depression ; 
moral  perversion;  haggard  countenance;  dry,  harsh  skin  (often 
needle-scarred);  deranged  appetite  and  digestion;  neuralgic 
pains  and  precordial  distress;  occasional  profuse  sweats,  preceded 
by  chills  and  fever;  and  sexual  perversions  and  impotence.  An 
important  point  in  diagnosis  is  the  marked  improvement  in  the 
subjective  symptoms  on  giving  another  dose  of  the  drug.  The 
morphin  habit  is  usually  treated  by  the  gradual  withdrawal  of 
the  dnig,  substituting  other  stimulants,  such  as  strychnin,  caf- 
fein,  hyoscin  and  camphor,  along  with  a  nourishing  and  easily 
digested  diet. 

ToIIen'i  Teit  for  Fen  tote  Is  the  TJrIne  of  HorpbliL  Habltnei.— 
Add  3  c.c.  of  &  saturated  Bolution  of  omn  in  HCl,  lo  6  c.c.  of  urine 
previoualy  dpcolori^ed  with  bone-blaek.  On  heatinf*.  »  greeii  color 
appears  in  the  upper  part  of  the  urine,  ^aduatly  extendipg  down. 
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CHIOEAX. 

The  chloral  habit  causes  impairnieiit  of  intellection,  will, 
and  memory;  silly  excitability  and  volubility;  persistent  drow- 
sinesa  (very  wakeful  without  drug) ;  indefinite  pains  and  sen- 
sory disturbances,  and  Boraetimea  epileptiform  conTulsions;  ane- 
mic, but  flushed,  face;  indigestion,  diarrhea;  erythema  of  skin 
of  fingers,  with  ulceration  around  nails;  feeble,  irregular,  irri- 
table heart,  and  polyuria,  often  stained  with  bile.  This  drug 
may  cause  delirium  tremens.     Sudden  death  is  liable  to  occur. 

COCADT. 

A  cocain  "fiend"  is  often  the  result  of  patent  "catarrh 
cnrea"  or  of  tlie  attempt  to  substitute  this  drug  for  morphin. 
Hyperesthesia  of  the  special  senses,  especially  of  hearing,  is  a 
prominent  symptom.  There  is  absolute  insomnia  or  hypnosis, 
and  lewd  hallucinations  and  delusions.  The  facies  is  pallid, 
■  yellow,  and  care-worn;  the  breath  very  fetid;  the  skin  bathed 
with  perspiration.  Hydruria  and  sometimes  incontinence  obtain. 
Cocain  eaters  sometimes  show  an  ebony  blackness  of  the  posterior 
aspect  of  Ihe  teeth. 

EEGOT. 

Chronic  ei^otism  occurs  from  eating  bread  containing  the 
fungus  of  rye  and  darnel.  The  affection  is  sometimes  epidemic 
in  Spain  and  Russia.  The  prolonged  use  of  the  drug  raedici- 
nolly  may  also  act  as  a  cause.  The  patient  complains  of  dis- 
turbances of  special  and  general  sensation;  of  pain  in  the  back 
and  painful  muscular, cramps;  of  chilly  sensations  and  night- 
sweats.  The  skin  is  pale  or  earthy,  and  dry  gangrene  of  fingers 
and  toes  appears  in  the  gangrenous  form.  The  temperature  is 
subnormal.  Epileptoid  flexor  spasms  and  sometimes  gradual 
loss  of  tendon- reflexes  may  take  place. 

DAIL&GEI)  MAIZE. 

MaidismuB,  or  pellagra,  is  seen  in  southern  Europe  and 
in  the  United  States  (mostly  the  South).  It  is  due  to  the 
fungus,  Uetxcularia  ustUago.  The  most  marked  sign  of  the  dis- 
ease is  a  diffuse  erythema  In  the  first  stage;  turning  to  marked 
pallor  or  patches  of  capillary  congestion  in  the  second;  and  in 
the  third  stage  the  skin  becomes  dry,  shriveled,  and  dark  brown, 
with  exfoliation  and  suppuration. 

ti:a  and  coffee. 

Men  and  women  who  drink  much  tea  complain  of  flushinge, 
insomnia,  restlepsness,  headache,  vertigo,  tinnitus,  flashsB  of 
light,  mental  duUnees,  and  confusion.  They  are  mentally 
exhausted  and  apprehensive  of  evil  and  disinclined  to  mental 
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exertion.  The  heart's  action  is  increased  and  irregular.  Mus- 
cuSar  tremor,  hyperesthesia,  and  paresthesia  are  sometimes 
noted.  Chronic  coifee  intoxication,  such  as  is  observed  in  Brazil, 
is  marked  by  a  state  of  constant  wakefulness  and  excitement  and 
digestive  and  cardiac  disturbances.  Coffee  addiction  ia  particu- 
larly injurious  to  children,  because  of  its  excessive  stimulation 
of  the  nervous  system. 

lODISU. 

The  administration  of  iodids  in  excess  leads  to  running  at 
the  nose,  sore  throat,  bronchitis,  salivation,  gastric  irritation, 
eri-thematous  patches,  pemphigus,  heavy  pain  over  the  frontal 
sinus,  neuralgia  and  tinnitus  aurium,  and  even  convulsive  move- 
ments.   Eapid  emaciation  may  occur. 

BROHISH. 

Taking  broraids  for  too  long  a  period  causes  a  general  low- 
ering of  cutaneous  and  pharyngeal  sensibility,  fetid  odor  of 
breath,  mental  depression,  dulled  intellection,  and  inability  to ' 
work  with  the  brain.  The  tongue  is  coated  and  the  digestion 
disordered.  Quite  often  there  is  an  eruption  of  red  acneiform 
papules,  bullae,  and  pustules,  montly  on  the  face  and  back.  Ex- 
haustion ensues  when  the  bromids  are  pushed  too  far. 

ACETAITELID. 

Chronic  acetanilid  poisoning  is  observed  in  persons  addicted 
to  the  habitual  use  of  headache  remedicB,  It  is  manifested  by 
dyspepsia,  loss  of  weight,  cyanosis  (metbemogiobinemia),  and 
anemia  of  a  pernicious  type. 

CTANOaSN. 

Chronic  cyanogen  poisoning  ia  observed  among  photog- 
raphers and  gilders.  It  is  characterised  by  headache,  vertigo, 
tinnitus,  throat  constriction,  indigestion,  constipation,  dyspnea, 
and  precordial  pain.  The  face  is  pale,  the  pulse  full,  and  the 
breath  offensive. 

CABBON  DISVXFHII). 

Chronic  poisoning  by  this  substance  is  noted  in  the  manu- 
facturers of  nibbcr  goods.  There  is  a  stage  of  excitement,  fol- 
lowed by  depression.  The  symptoms  are  chiefly  nenous,  and 
include  headache ;  irritability;  debility;  tinnitus;  formication; 
hyperesthesia,  followed  by  anesthesia;  insomnia;  somefiraes 
monospasm,  monoplegia,  or  paraplegia,  and  especially  pains  in 
the  limbs. 
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Men  who  make  potni=siiim  dioliromate  are  often  troubled 
with  ozena  and  obstinate  sores  on  their  hands.  These  Bor« 
elough,  forming  a  deep,  foul  iilner.  with  hard  edges. 

nxntrsATiNG  gas. 

The  use  of  gas  for  cooking  haa  greatly  increased  the  danger 
from  this  source.  A  person  continually  exposed  to  leaking  gas 
ehows  some  or  all  of  the  following  Bj-mptoms:  Frontal  headache 
{worse  on  rising),  bad  tapte,  anorexia,  indigestion,  abdominal 
paine,  constipation,  lassitude,  vertigo,  tinnitus  niirium,  amnesia, 
sometimes  convnlsioDa,  anemia,  and  irregular  fever  {up  to  104° 
F. — sometimes  mistaken  for  malaria  or  typhoid).  The  patient 
improves  in  the  fresh  air.  In  case  of  doubt,  a  spectroscopic  teat 
of  the  blood,  diluted  with  distilled  water,  should  be  made  for 
CO-hemoglobin,  Illuminating  gas,  escaping  from  street  mains 
and  passing  into  dwellings  (more  in  winter  than  in  Bummer), 
may  lose  its  odor  by  diffusing  through  the  soil. 


POISONOUS    BITES    AND  STINGS. 

The  venom  that  passes  from  the  poison-gland  of  a  danger- 
ous reptile  through  the  hollow  fang  into  the  wound  made  by 
a  bite  quickly  causes  the  part  bitten  to  become  dark,  swollen, 
and  very  painful.  The  chief  general  symptom  is  prostration; 
bat  dyspnea,  jaundice,  cold  sweats,  bilious  vomiting,  delirium, 
and  convulsions  may  occur.  The  wound  should  be  promptly 
drained  by  incision  and  cupping  or  sucking.  There  is  no  danger 
in  sucking  out  snake-venom  or  even  in  swallowing  it,  providing 
tliere  arc  no  cracks  in  the  mucous  membrane  about  the  lips  and 
tongue.  The  local  injection  of  liquor  ammonia  and  of  a  strong 
solution  of  potassium  permanganate  or  chlorinated  lime  is  rec- 
ommended by  various  authorities.  An  intermittent  ligature 
should  be  applied  above  the  wound  to  prevent  as  much  as  possible 
the  introduction  of  the  poison  into  the  general  circulation.  Alco- 
holics, strychnin,  atropin,  and  other  stimulants  should  be  admin- 
istered in  full  doses,  but  not  ad  libitum.  Calmette'a  antivenene, 
in  frequently  repeated  injections  of  10  to  30  c.c,  has  saved  life 
when  used  promptly.  It  is  a  neurotoxin  and  does  not  neutralize 
rattlesnake  venom  (a  hemorrhagin).  The  poison  of  venomous 
reptiles  consists  essentially  of  a  pepton  and  a  globulin. 

The  bite  of  a  rabid  dog  is  liable  to  lead  in  a  few  weeks  to 
the  development  of  hydrophobia.  Thorough  excision  of  the 
entire  wound  area  is  the  safest  procedure  in  these  cases.  Next 
best  is  to  encourage  free  bleeding  and  then  to  canterize  the  wound 
thoroughly  with   strong   HNO3,  neutralizing  any  excess  with 
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I  or  ammonia.  The  add  is  more  penetrating  'in  its 
Bisn  Bilver  nitrate,  commonly  need  for  this  purpose, 
ie  Bting  of  bees  and  ants,  and  more  especially  wasps  and 
ttonaete,  may  lead  to  erysipelatous  swelling,  suppuration,  gan- 
grene, and  even  death.  The  treatment  is  to  remove  the  poison 
as  much  as  possible  by  wet-cupping,  then  neutralize  the  acid 
present  in  the  poison  with  ammonia  or  baking-soda.  The  mere 
application  of  one  or  other  of  these  ia  usually  sufficient  in  mild 
cases. 

Toxicodendrol,  the  active  principle  of  poison  ivy,  poison  oak 
and  swamp  sumac,  is  present  in  all  parts  oi  these  plants,  even  in 
the  microscopic  hairs  which  are  given  off  and  floiit  in  the  air. 
One-thousandth  mg.  of  this  fixed  oil  may  cause  dermatitis  in 
susceptible  individuals,  after  a  latent  period  of  1  to  9  days. 
An  alcoholic  solution  of  lead  acetate  is  a  good  chemic  antidote. 
Vaselin  and  other  ointments  dissolve  and  spread  the  poison.  The 
English  primroEe  produces  similar  cutaneous  effects. 


QTJESTIONS  ON  TOXICOLOGY. 

1.  Explain  tlie  principle  of  the  ligature  in  cases  of  snake-bit«. 

2.  How  mil}-  a,  amatl  dose  of  arsenic  prove  fatal,  while  a  larger 

.1.  lloiv  distinguieli  between  ante-mortem  and  post-mortem  imbibi- 
tion of  poisons  by  the  viscera  t 

4-  A  body  dead  tor  some  weeks  shows  yellow  stains  in  the  viscera 
from  arsenic;  orange  from  antimony;  black  from  mercury.     Explain. 

5.  Bodies  have  been  exhumed  some  years  after  burial  and  found 
in  a  good  state  of  preservation.     What  poiions  should  be  Buspectcdl 

6,  What  is  the  anlidole  tor  concentrated  lyet 

7-  Explain  curdy  vomit  in  poisoning  by  silver  or  lead  salts. 

S,  In  a  certain  case  of  poisoning  a  blue  vomit  was  noticed. 
Explain. 

9.  Write  equation  for  the  antidotal  reaction  of  ferric  hydrate 
with  arsenous  oiid. 

10.  What  common  syrup  may  be  the  source  of  antimonial  poieoningT 

11.  Name  six  common  household  antidotes  and  their  special  uses. 

12.  What  causes  the  yellow  staining  of  the  tissues  in  nitric  acid 
poisoning  T 

13.  In  a  case  of  poisoning  white  fumes  are  produced  by  dipping  a 
glass  rod  in  HCI  and  holding  it  near  the  mouth.    Explain. 

14.  Bow  does  sodium  thiosulphate  antidote  chlorinated  lime! 

15.  Why  should  fats  and  oils  be  avoided  in  poisoning  by  phenol  or 
phosphorus T 

16.  What  acid  chars  the  tissues  and  stomach-content* ! 

IT.  What  gaseous  poison  accumulates  in  and  around  beer-vntsT 
IS.  Why  ia  it  generally  well  to  empty  the  stomach  after  giving  the 
antidote? 

19.  What  possible  danger  is  there  from  the  use  of  carbonates  and 
bicarbonates  as  antidotes  for  mineral  acidsT 

20.  TTow  prove  the  presence  of  P  in  match-headsl 

21.  Name  five  poisons  that  may  cause  fever. 

22.  Compare  the  s^ptoms  of  opium  and  belladonna  poisoning. 

23.  Compare  the  symptoms  and  treatment  of  poisoning  by  cr '-- 

acids  and  by  caustic  alkaties. 
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24.  Mention  the  chief  points  in  the  diagnosis  of  the  poison  taken 
^ined  by  looking  into  the  patient's  mouth. 

25.  What  effect  would  a  hot-sulphur  bath  have  on  a  person  who 
has  been  "leaded"? 

26.  Why  should  soapsuds  and  alkalies  (except  lime-water)  not  be 
jgiven  as  antidotes  for  oxalic  acid? 

27.  How  may  the  fermentation  of  starch  under  wall-paper  aid  in 
•causing  arsenical  poisoning? 

28.  Why  is  red  P  much  less  poisonous  than  the  ordinary  yellow 
form  ? 

20.  What  chronic  poisoning  resembles  malaria?     Typhoid  fever? 

30.  What  poison  may  be  naturally  present  in  potatoes?  In  corn? 
In  rye? 

31.  What  poison  might  be  mistaken  for  epilepsy? 

32.  Describe  the  resemblances  between  poisoning  by  phenol  and 
by  opiates. 

33.  Mention  ten  poisons  which  may  be  noted  in  the  breath. 

34.  How  may  ferrosilicon  (impurities,  phosphorus  and  arsenic), 
stored  in  the  hold  of  a  ship,  give  rise  to  fatal  poisoning  in  steerage 
j>assengers  ? 


PHYSIOLOGIC  AND  PATHOLOGIC 
CHEMISTRY. 


OHEMIC    COMPOSITION    OF    THE    HUMAN 
BODY. 

The  elements  of  the  body  are  generally  those  of  low  atomic 
weight  and  wide  distribution  in  nature.  Of  the  21  elements 
found  normally  in  the  human  body,  17  are  constantly  present. 
C  {13M;  per  cent.),  H  (9  per  cent),  N  (SV"  per  cent.),  and  0 
{72  per  cent.)  constitute  97  per  cent.,  by  weight,  of  the  body, 
chiefly  in  combination,  though  the  last  three  also  occur  free  in 
the  blood,  stomach,  and  intestines,  N  and  0  being  inhaled  or 
BwallowL'd  and  H  arising  from  putrefactive  processes  (leguminosa: 
and  butyric  acid  fermentation). 

The  following  elements  are  likewise  essential  body  ingre- 
dients in  the  percentage  mentioned :  Ca  (mainly  fixed  in  nuclei), 
1.3;  P,  1.15;S,  !4of  1  per  cent. ;  Na,  U.l ;  CI  and  F,  each,  ^2  of 
1  per  cent.;  K,  %„  of  1  per  cent.;  Mg  (extranuclear),  %(,  of  1 
per  cent.;  Fe,  0.01  (3  gm.  altogether);  Si,  %oo  of  1  per  cent,; 
Mn,  0.0005  per  cent.;  and  I,  a  trace.  Na  is  present  chiefly  in 
the  fluids  of  the  body,  which  it  renders  alkaline,  while  K  occurs, 
for  the  most  part,  in  the  solid  tissues,  because  membranes  absorb 
it  better.  There  is  no  K  in  cell-nuclei  or  nerve  cells.  It  is  con- 
densed in  striated  muscle  in  the  contractile  dim  bands.  S  occurs 
as  taurin  in  the  muscles  and  bile,  as  HjS  in  the  feces,  and  as 
sulphates  in  the  urine.  Fe  ia  the  coloring  matter  of  blood,  bile, 
hair,  and  skin  pigment.  It  has  great  affinity  for  0,  which  it 
carries  from  the  lungs  to  the  tissues.  It  is  present  in  the  liver 
ae  the  organic  compounds  ferratin  and  hepatin,  and  is  probably 
utilized  in  the  construction  of  hemoglobin.  Organic  Fe  {com- 
bined with  nucleins)  differs  from  that  of  artificial  compounds 
in  not  reacting  with  (NH4)2S,  nor  being  extracted  with  alcohol. 

A  considerable  trace  of  I  (iodothyrin  in  cell-nuclei)  is  met 
with  in  the  thyroid.  It  seems  to  exert  an  antitoxic  action  and  to 
increase  the  metabolism  of  proteins,  A  deficiency  of  thyroidin 
leads  to  the  peculiar  disease  myxedema.  Traces  of  Mn,  As,  Cu, 
Pb,  Al,  and  Br  are  occasionally  encountered  in  the  liver,  which 
acti  as  a  buffer  for  the  rest  of  the  system,  protecting  it  from 
poisoning  from  without  and  from  within.  Arsenic  (Qautier)  is 
a  normal  constituent  of  the  body  (chiefly  as  nuclein  iodid)  in 
the  thyroid  and  thymus,  skin,  hair,  and  brain. 
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Of  the  inorganic  compounds  that  help  to  make  up  the  body, 
HjO  is  most  abundant,  constituting  GT.O  per  cent.,  by  weight, 
of  the  whole,  and  ranging  from  0.4  per  cent,  in  the  enamel  of 
teeth  to  !)9.5  per  cent.  oE  saliva.  Water  ia  the  syEtem  solvent 
for  absorption,  eecretion,  and  excretion.  It  makes  the  tisaues 
soft,  flexiole  and  elastic,  find  by  evaporation  aids  in  regulating 
animal  heat.  About  a  pound  of  H2O  is  formed  daily  in  the 
body  by  the  oxidation  of  H  compounds,  and  3  kg.  are  eliminated 
by  the  kidneys,  lungs,  and  skin,  A  loss  of  5  or  6  per  cent,  of 
water,  as  in  cholera,  renders  the  blood  viscid  and  slow  of  cur- 
rent, in'itating  to  the  nerves,  and  causing  convulsions. 

The  nascent  H  produced  by  cell-decomposition  probably 
unites  first  with  0,  forming  HgOn ;  and  this  has  been  found  in 
the  sweat  and  other  fluids.  The  peroxid  thus  formed  quickly 
breaks  down  into  H2O  and  nascEnt  0. 

Of  compoiind  gases,  CO2,  H2S,  and  CH4  are  most  impor- 
tant. The  first  is  formed  in  living  cells  by  internal  oxidation 
(much  increased  by  exercise),  and  also  during  fermentation  in 
the  alimentary  tract.  It  is  present  chiefly  in  the  blood  in  com- 
bination with  Na.  H2S,  formed  by  the  putrefaction  of  S-con- 
taining  proteins  (eggs),  occurs  mostly  in  the  bowels,  but  may 
also  be  found  in  old  abscess-cavities.  CH^  is  derived  from  ace- 
tates, the  femieutation  of  cellulose,  or  protein  putrefaction,  and 
is  the  principal  gas  giving  rise  to  flatulence  and  colic.  It  is  the 
only  hydrocarbon  found  in  the  body. 

Inorganic  salts  constitute  about  Ym  by  weight  of  the  total 
solids  in  solution.  The  chlorids  of  the  body  (Hall)  preside  over 
the  ehemic  regulation  of  the  tissues  and  fluids  and  prevent 
(detoxieation)  accumulation  of  toxic  substances.  Whenever 
poisons  threaten  the  security  of  the  economy,  chlorids  are  de- 
spatclied  thither  to  increase  the  molecular  tensions  of  the  region 
affected.  Decrease  of  chlorids  in  foods  causes  the  retained  chlo- 
rids of  the  tissues  to  release  their  hold  upon  thera  and  to  be 
eliminated  in  conjunction  with  these  toxic  substances. 

The  chlorid  of  Na  is  present  in  all  the  body-fluids  (0.65 
per  cent,  in  blood-serum;  0.5  per  cent,  in  lymph;  300  gm.  in 
body)  and  in  all  the  tissues  except  enamel,  and  is  of  great  im- 
portance in  promoting  osmosis  and  diffusion.  KCI  is  most  abun- 
dant in  blood -corpuscles  and  muscles.  CaCla  is  also  a  necessary 
ingredient  of  the  blood.  The  chlorids  generally  pass  through  the 
body  unchanged,  except  the  small  proportion  of  NaCl  used  up  in 
making  HCl,  Car2  is  present  chiefly  in  the  bones  and  teeth, 
especially  the  enamel  (3  per  cent.). 

The  phosphates  of  K,  Na,  Ca,  K2HPO4,  Na2HP04  (3.5 
kg.),  and  Mg  are  present  in  nearly  every  tissue  and  fluid  of  the 
body,  in  loose  combination  with  proteid  compounds.  The  alka^ 
Unity  of  the  blood  is  due  partly  to  the  secondary  sodium  phos- 
phate, Na2TIP04,  which  is  partly  changed  by  CDs  to  the  primary 
phosphate,  NaHaPOi,  to  which  "the  acidity  of  the  urine  is  largely 
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due.  FePOj  is  present  in  the  bile,  the  gastric  and  inteatinal 
juices,  and  in  the  pignieEt  of  hair  am!  ppitheliiun.  CaH2{P04)2 
is  held  in  solution  in  blood  and  milk  by  protein  conBtituents. 

The  carbonate  of  Ca  is  an  essential  component  of  bonee 
and  teeth.  The  otoliths  of  the  internal  ear  are  composed  of 
crystalline  CaCOa.  The  carbonates  of  K  and  Na  aid  in  ren- 
dering the  blood  alkaline.  They  take  np  COo.  forming  blear- 
bonates.  Ammonium  carbonate  is  found  normally  only  in  traces 
in  the  blood.  The  amount  is  greatly  increased  in  cholera,  with 
ammoniacal  breath  and  stools. 

NH3  is  produced  in  the  tissues  by  the  union  of  N  and  H. 
It  combines  with  CO2  to  form  ammonium  carbamate,  which  is 
dehydrated  in  th^ liver  into  urea. 

A  small  quantity  of  the  sulphates  of  K,  Na,  and  Ca  ia 
found  in{n?firly  every  part  of  tjie  organism,  f  et7  minute  quan- 
tities of  SiOo  are  obtained  from  the  blood,  ntine,  bones,  and 
hair.  Silicic  acid  seems  to  bear  the  same  relation  to  connective 
tissue  as  P  does  to  nei've  tissue.  There  is  comparatively  more 
silica  in  the  tissues  of  young  persons  than  in  adults. 

The  n  on -nitrogenous  organic  constituents,  or  proximate 
principles,  of  the  body  inchide  CH^,  dextrose,  lactose  (breast- 
milk),  inosit,  pentoses,  glycogen,  fat^,  and  fatty  acids. 

Hextrose  is  the  chief  sugar  of  the  blood  and  muscles.  There 
IB  at  least  0.1  per  cent,  in  the  blood,  even  during  starvation.  It 
is  derived  mainly  from  starch  and  cane-sugar,  but  is  also  in 
part  a  derivative  of  proteins  (amino-acids),  which  may  be  made 
to  yield  artificially  as  much  as  60  per  cent,  of  dextrose.  Pentoses 
form  an  integral  part  of  the  nucleoproteids  of  the  body,  being 
obtained  most  abundantly  (2.5  per  cent.)  from  the  pancreas. 

Inosit  rCcHfl(HO)el  is  present  in  mnscles  and  viscera.  It 
can  be  oxidized  and  utilized  by  diabetics.  Ijactose  is  a  leading 
ingredient  of  mothers'  milk  (and  amniotic  fluid),  and  is  likely 
to  be  found  in  the  blood  and  urine  whenever  the  milk-flow  is 
obstructed.  The  glucosid,  jecorin,  found  in  the  liver  and  the 
blood,  yields  dextrose  on  decomposition.  Indicnn  is  a  brownish, 
bitter,  syrupy  glucosid  derived  from  indol,  a  weak  base  produced 
by  the  pancreas  and  during  intestinal  putrefaction.  The  pro- 
duction of  indol  depends  largely  on  the  activity  of  the  colon 
bacillus,  which  ferments  carbohydrates  before  acting  on  proteins. 
Baumann  states  that  both  indol  and  ekatol  result  from  decom- 
position of  a  non-proteid  substance,  soluble  in  ether  containing 
alcohol. 

The  body-giycogen  is  about  equally  distributed  in  the  mus- 
cles (0.4  to  0.8  per  cent.)  and  the  liver  (up  to  15  per  cent.). 
This  supply  is  drawn  upon  by  hunger  and  cold.  Muscular  work 
also  causes  a  rapid  conversion  of  glycogen  into  dextrose  (dextrins 
and  maltose  are  intermediate  products).  The  glycogen  is  prob- 
ably derived  in  part  from  tissue-proteins.  Glycogen  is  found 
in  tumors  in  amount  proportionate  to  malignancy.    The  carbo- 


43(5 


PHYSIOLOGIC  AND  PATHOLOGIC  CHEMISTRY. 


hydrates  of  the  body,  particularly  glycogen,  are  markedly  de- 
creased in  infectious  diseaeee. 

The  body-fat  (a.5  to  35  per  cent.)  is  all  in  a  fluid  condition, 
owing  to  the  considerable  proportion  (C7  to  SO  per  cent.)  of 
olein  with  the  palmitin  and  stearin.  It  occurs  as  an  emulsion 
in  the  circulating  fluids  and  in  drops  in  special  cells  (adipose) ; 
also  IB  the  interior  of  tissue  cells.  It  is  produced  by  the  storing 
of  food  fats,  as  a  derivative  of  protein  and  carbohydrateB,  and 
as  a  product  of  metabolism  in  connective  tissue  and  other  cells. 
The  loss  of  subcutaneous  fiit  causes  the  wrinkles  of  old  age.  The 
yellow  color  of  the  corpora  lutea  is  due  to  lipochromes  or  luteins. 

Lecithin  is  a  waxy  pjiospboriied  fat  present  in  every  living 
cell,  and  most  abundant  in  the  brain  and  nerves.  Boiling  with 
acids  or  alkalies  breaks  it  up  into  cholin,  fatty  acids,  and  glycero- 
phosphoric  acid.  It  swells  in  distilled  water,  giving  rise  to  the 
"myelin  forms"  of  nerve-tissue. 

C^iHoo  NPOo  (lecithin)  +  SHaO  =  2Ci8H3e02  (stearic 
acid)  -j-  C3H9PO0  (glycerophosphoric  acid)  -f-  C5ni(iN02(cho- 
lin). 

Lecithins  (lecithanea)  serve  along  with  albumins  in  giving 
the  necessary  viscosity  to  colloid  solutions.  They  are  readily  in- 
fluenced by  ions,  and  take  a  leading  part  in  cellular  metabolic 
changes.  Ijccithin  appears  to  stimulale  body-growth,  and  is 
found  in  largest  amounts  in  tissues  undergoing  active  develop- 
ment. It  is  abundant  in  all  neoplasms,  and  is  destroyed  by  X- 
and  radium-  raya. 

Protagon  is  obtained  from  the  brain.  It  is  a  crystalline 
body  containing  lecithin  and  cerebriu,  C17H33NO3.  The  latter 
is  a  glucosid,  breaking  up  into  d.  galactose. 

Organic  acids  are  present  in  combination  with  alkaliue  and 
earthy  baaes,  chiefly  in  the  excretions  (often  as  under-oxidation 
products)  and  in  fermentation  and  putrefaction  compounds. 
HCOOH  is  found  in  sweat.  The  formates  are  much  iucreaaed 
in  the  blood  and  urine  in  fever,  diabetes,  leukemia,  and  wood- 
alcohol  poisoning.  CH3COOH  is  often  found  in  feces.  When 
absorbed  from  the  intestine  it  is  burned  into  CO2  and  H2O. 
It  is  pcesent  in  the  blood,  sweat,  and  urine  in  leukemia  and  dia- 
betes. Diacetic  acid  (CII2CH3COCOOH)  and  beta-oxvbutyric 
acid  (CH3.OHOH.CH2COOH)  probably  result  from  fat-metabo- 
lism. They  are  increased  in  starvation  and  diabetes,  neutralizing 
the  blood  and  causing  coma  and  increase  of  NH3  in  the  iirine. 
(CH3)aC0  is  increased  in  the  blood  and  urine  whenever  there 
is  excessive  decomposition  of  fat,  as  in  diabetes.  C2H5COOH, 
from  protein  putrefaction,  is  foimd  in  the  sweat,  bile,  and  some- 
times in  the  stomach.  C3H7COOH,  from  the  putrefaction  of 
proteins  and  carbohydrates,  ia  found  in  the  stomach -coo  tents  in 
hypochlorhydria,  and  in  the  intestinal  evacuations.  A  bad  taste 
in  the  mouth  is  frequently  due  to  this  acid.  II2C0O4  is  a 
metabolic  product  derived  chiefly  from  nucleins  and  gelatins. 
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The  foul-smelling  isovaleric  acid,  C4HBCOOH,  from  pro- 
teid  decomposition,  ia  noteii  in  eweating  feel  and  BometimcB  in 
the  urine  in  certain  grave  diseases.  Cnpric  and  caprylic  acida 
are  found  in  the  perepiration  and  in  milk-fat;  palmitic,  oleic, 
and  stearic  acids  are  present  in  milk-fat  and  adipose  tissue.  The 
very  slight  acid  reaction  of  bile  is  due  to  these  three  acids, 
CaHflOa,  from  fermented  milk,  is  of  common  occurrence  in  the 
stools  of  infants.  Sarcolactic  (paralacticj  or  right  ethidene)  is 
found  in  the  muscles,  blood,  and  blood-glands,  and  is  derived 
from  protein  tissues,  and  when  in  excess  causes  fatigue.  The 
acidity  of  the  fleah  and  viscera,  which  develops  after  death,  is  due 
to  this  acid.  It  causes  the  formation  of  KHjPO^,  with  the 
coagulation  of  myosinogen,  during  rigor  moHxs.  Excess  of 
absorbed  fatty  acids  has  a  sclerogenio  effect. 

The  essential  nitrogenous  compounds  of  the  human  body 
are  mostlv  globulins,  serum-albumin  being  the  main  exception. 
Phenol,  indol  (CsHtN),  and  skatol  (CaHoCHaNH)  are  formed 
by  putrefaction  of  proteins  in  the  intestines  and,  with  HaS, 
give  the  ordinary  fecal  odor  to  the  stools.  Leucin  (C5H10NH3- 
COOH)  and  tyrosin  rC8H4.0H.C2H^(MH2)COOHl  are  nor- 
mal products  of  tryptic  digestion  of  hemipeptons.  Like  other 
amido-acids,  they  are  oxidized  in  the  liver  into  urea,  with  pro- 
duction of  heat ;  when  the  liver  is  diseased  (acute  yellow  atrophy, 
P  poisoning)  Uiey  appear  in  the  urine.  Leucin  is  also  found 
in  decomposing  epithdial  matter.  Qlycocoll  and  other  amido- 
acids  are  an  important  source  of  sugar. 

Urea  [(NH2)2C0]  is  the  chief  end-product  of  nitrogenous 
metabolism  in  mammals,  and  is  formed,  perhaps,  in  all  tissues 
where  proteid  decomposition  takes  place.  Its  principal  aits  of 
origin  is  the  liver,  where  "it  is  formed  by  dehydration  of  ammo- 
nium carbamate,  which  ia  produced  in  the  tissues  by  the  union 
of  CO2  and  NH3;  also  from  leucin  and  glycocoll.  The  amount 
of  urea  normally  ranges  from  0,03  to  0,16  per  cent,  in  the  blood, 
muscles,  and  viscera;  0.67  per  cent,  in  the  kidney.  When  the 
kidney  fails  to  functionate  (uremia)  these  relative  proportions 
may  be  nearly  reversed.  The  ureids  are  crystaUizable  bodies 
from  which  urea  can  be  formed.  They  comprise  monoureids 
(alloxan  and  all  oxanie,  dialuric  and  barbituric  acids)  and  di- 
ureids,  such  as  uric  acid  and  muroxid,  which  yield  urea  and  mono- 
ureids. 

Creatin,  or  methylguanidin  acetic  acid  (HNCNHaNCHa- 
CH5COOH),  is  a  product  of  proteid  decomposition,  especially  of 
the  muscles.  It  is  excreted  in  the  urine  as  creatinin:  creatin 
less  water.  Creatin  can  be  broken  up,  with  hydrolysis,  into  nrea 
and  sarcosin,  NH.CH3.CH2.COOH,  but  most  of  the  creatin  ia 
probably  decomposed  into  NH3  before  leaving  the  muscles. 

The  purin,  or  alloxuric,  bodies  contain  both  the  radical 
(NaC)  of  urea  and  that  (NaC*)  of  alloxan:— 
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Hjpoxanthin,  or  sarcin  =CgH4N'40;  xanthio  ^C^Uf 
NjOa;  uric  acid  ^=CbH4N403  (trioxypurin,  Hthicacid) ;  purin 
=  C5H4 Ni ;  adenin  =  CgHsNs ;  guanin  =  C5H5N0O.  NucleinB 
cleave  into  a  protein  aud  nucleic  acid,  and  the  latter  into  phos- 
phoric acid  and  alloxuric  bodies,  uric  acid  being  a  higher  oxida- 
tion product  than  xanthin  or  hypoxanthin.  Through  oxidatioii 
and  hydrolyais  uric  acid  can  be  decomposed  into  two  molecules 
of  urea  and  one  molecule  ot  oxalic  acid,  and  when  adminiHtered 
to  a  mammal  it  is  changed  by  the  liver  into  urea.  Heterosanthin 
is  methylxanthin ;  theobromin  of  cocoa  is  dimethylxanthin  and 
isomeric  with  paraxanthin;  caffein  is  trimethylxanthin ;  camin 
ia  dimethyluric  acid.  The  alloxur  bodies  are  normally  present 
in  tJie  fluids  and  tissues  of  the  body  and  in  urine.  TJie  normal 
daily  amount  of  uric  acid  excreted  in  the  urine  is  from  0.4  to 
0.8  gra. ;  of  purin  bases,  0.1335  gro.  (quadrupled  in  leukemia). 
The  quantity  of  uric  acid  and  other  alloxur  bodies  is  increased 
by  the  ingestion  of  tea,  coffee,  cocoa,  and  nuclein-containiog 
foods,  such  as  young  flesh  and  meat  extracts.  Reduced  alkalinity 
of  the  blood,  as  in  winter  from  eating  meats  freely,  throws  uric 
acid  out  of  solution,  to  collect  in  the  more  acid  tissues  (spleen, 
liver,  and  joints).  With  the  vernal  tide  of  alkalinity  (due  to 
freer  sweating,  with  excretion  of  fatty  acids)  these  deposits  are 
swept  out  in  the  blood-current,  irritating  the  nerves  and  giving 
rise  to  "that  tired  feeling." 

Uric  acid  is  normally  destroyed  in  the  human  organism  by 
oxidation  into  urea,  chiefly  in  the  muscles,  kidneys,  liver,  spleen, 
and  blood.  Deficient  oxidation  is  the  imderlying  factor  in  gouti- 
ness, or  the  "uric  acid  diathesis."  The  endogenic  (nucleinic) 
uric  acid  amounts  to  about  one-fourth  of  the  whole,  but  there 
are  marked,  though  constant,  individual  differences  (Long). 
The  exogenic  uric  acid  is  derived  from  oxypurins  (nucleins)  and 
aminopurins  (purin  bases)  in  the  food.  An  attack  of  arthritic 
gout  occurs  when  the  svnovia  is  impregnated  with  uric  acid  to 
the  extent  of  1  to  2500  "(Roberts).  The  tophi  of  gout  are  white, 
rounded,  plaeter-like  masses  of  sodium  biurate,  with  small 
amounts  of  lime  salts,  in  the  joints,  tendons,  and  cartilages.  The 
proportion  of  sodium  salts  is  greatest  in  these  fibrous  tissues. 
Potassium  salts  prevent  such  precipitations.  There  is  a  close 
relation  between  uric  acid  and  many  cases  of  bronchial  asthma. 
These  attacks  are  sometimes  accompanied  by  diarrhea  and  bilious 
vomiting,  and  are  noteworthy  for  their  periodicity  (usually  in 
the  early  morning). 

The  pvramidin  bases,  allied  to  the  purin  bases,  are  thymin, 
cytosin,  and  uracil.  Nucleic  acid  splits  up  into  these  two  kinds 
of  bases,  phosphoric  acid  and  carbohydrates  (pentoses,  hexoses, 
glucothionic  acid). 
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Experiment.— Prove  futility  of  lithium  canpounds  in  uric-acid 
conditions  b;  treating  solution  of  Nft^HPOt  (same  salt  in  blood)  with 
a  little  Li.CflH.Oj  solution.  Warm  slighllv  und  note  white  ppt.  of 
LiaHPO,. 

Cholin  (NC2H40H(CH3)30H  ^  triraethyl-oxyethyl-am- 
monhydroxid)  and  neurin  (cholin  —  H2O)  are  amine  of  olefinB 
produced  in  the  intestines  from  proteins  by  the  action  of  bacteria. 
Glycocoll,  CHjNHjCOOH,  is  a  normal  decomposition  product 
from  proteins,  and  is  easily  maniifnctured  from  gelatin.  It  exista 
in  the  bile  as  glycocholic  acid,  and  in  the  urine  with  benzoic  acid 
as  hippuric  acid  (conjugated  in  liver)  after  taking  benzoic  acid 
or  its  derivatives, 

Taurin  (NH2C2H4SO3H)  is  found  in  tbe  spleen,  muaclea, 
suprarenal  capsule,  and  in  bile  as  sodium  taurocholate.  Fellic 
acid  (C23H3BO4),  cholic  acid  (C24H40O5),  and  choleic  acid 
(C24H4o02)  are  probably  derived  from  the  non-nitrogenous 
moiety  of  proteids.  By  synthesis  with  taurin  and  glycocoll  in 
the  liver  they  form  taurocholic  and  glycocholic  (CagH^sNOe) 
acids,  the  salts  of  which  are  known  as  the  bile-salta  and  have  the 
function  of  dissolving  the  more  insoluble  fatty  acids  and  soaps 
produced  by  steapsiu. 

The  two  bile-acids  always  occur  as  Na  salts  in  bile  and  are 
probably  oxidation  products  of  protein.  These  conjugated  acids 
give  rise  on  decomposition  to  cholaJic  or  other  allied  acid  and 
an  amido-aeid  (amido-acetic  ^  glycocoll,  or  amido-ethyl-aul- 
phoniG^=  taurin),  Cholalic  acid  oxidizes  into  one  ketone  and 
two  aldehyd  groups,  which  have  a  reducing  power  on  hemoglobin ; 
hence  the  injurious  effect  on  the  corpuscles  of  cholemia. 

Choiesterin  (C2TH45OH)  is  probably  an  accumulation  prod- 
uct of  the  hydrolysis  of  carbohydrates  by  the  epithelium  of  the 
gall-bladder  and  bile  passages,  and  is  also  a  product  of  nerve 
metabolism.  It  ia  converted  into  stercorin  (coprosterin)  in  the 
bowels.  When  more  is  made  than  can  be  utilized,  it  constitutes 
waste-material  and  forms  gall-stones,  their  formation  being 
favored  by  catarrhal  conditions,  stagnation  of  bile,  and  the  pres- 
ence of  attenuated  bacteria. 

Bilirubin  (C18H1HN2O3)  is  the  ordinary  coloring  matter  of 
human  bile.  Bilirubin  is  hematin  less  Fe  -f-  H2O,  and  is  isomeric 
with  hem ato porphyrin.  On  reduction  with  nascent  H,  bilirubin 
becomes  stercobilin  (urobilin).  Various  oxidation  products  are 
bilirerdin  (green),  bilicyanin  (blue),  and  bilixanthin  (brown- 
yellow). 

Melanins  are  black  and  brown  S-containing  pigments  found 
in  the  hair  and  in  the  skin  of  the  negro,  in  the  choroid  and  in 
melanotic  tumors  (phymatorhusin).  They  can  also  be  derived 
by  hydrolytic  decomposition  of  peptons  (peptomelanin)  and 
albumins  (melanoidins).  The  melanins  of  the  hair  and  skin  are 
readily  dissolved  by  alkaline  hydrates. 

The  solid  constituents  of  the  body  comprise  about  five  times 
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Bfi  iDuch  organic  as  inorganic  matter.  The  fats  may  be  extracted 
by  treating  with  CSa  or  ether,  then  the  Eo-called  extractives 
(organic  acids,  bases  and  salte)  are  dissolved  out  by  treating 
euccessively  with  alcohol  and  water,  leaving  an  elastic  corneous 
mass  of  protein.  The  primary  cell  constituents  are  inorganic 
Baits,  glycogen,  cholesterins,  lecithins,  and  proteins  (glyco-  and 
nucleo-  chiefly).  The  secondary  constituents  include  fat,  pig- 
ments, etc. 

The  moving  cells  and  the  fixed  tissues  of  the  body  are  com- 
posed of  protoplasm:  that  is,  of  proteids  with  such  a  molecular 
arrangement  as  admits  of  the  phenomena  of  life.  Protoplasm 
contains  80  to  85  per  cent,  of  water.  The  nucleoproteids  of 
protoplasm  are  chiefly  compounds  of  pseudonuclein ;  those  of  the 
nucleus  are  compounds  of  cell  nucleins  and  nucleic  acids.  The 
active  nucleus  and  spongioplasm  appear  to  draw  their  nutriment 
from  the  passive  cytolymph  in  the  cells.  The  native  alkalinity 
of  the  entire  adult  body  is  equivalent  to  60  gm.  NaOH.  Horror 
autotoxicua  is  the  term  applied  by  Ehrlich  to  the  inherent  cellular 
power  which  guards  the  organism  against  autolysis:  that  is, 
the  solution  and  digestion  by  its  own  fluids  which  takes  place 
after  death. 

The  flnal  products  of  body  decomposition  after  death  are 
such  simple  substances  as  CO2,  H2O,  NH3,  H2S,  and  mineral 
chlorids,  sulphates,  and  phoephatos.  There  are  a  large  number 
of  intermediate  products,  the  most  important  being  the  cadav- 
eric alkaloids  or  ptomains.  The  fetid  odor  of  gangrene  is  due 
to  fatty  acids,  H2S  and  NH3. 

The  soap-like  conversion  into  adipocere,  which  dead  bodies 
sometimes  undergo,  is  due  to  the  formation  of  Ca  and  NH4 
salts  of  palmitic  and  stearic  acids,  through  the  agency  of  bacteria. 
The  surface  of  the  dead  body  within  and  without  becomes  coated 
with  a  whitish  crust  of  crystallized  calcium  phosphate.  The 
ashes  left  from  cremation  (30  to  90  minutes;  temp.,  2500"  F.) 
weigh  from  4  to  G  pounds. 


Adult  bone  contains  69  per  cent,  of  earthy  matter,  of  which 
Ca3(P04)a  constitutes  59  per  cent.  (3  molecules  to  1  of  carbo- 
nate); CaCOa,  7  per  cent.;  Mg3(P04)2,  1-3  per  cent,,  and 
CaFj  and  soluble  salts,  l.S  per  cent.  The  bones  of  infants  and 
young  children  contain  much  less  mineral  matter;  hence  are 
less  brittle.  The  compact  portions  of  bone  contain  more  mineral 
matter  than  the  cancellous.  Undried  bone  is  from  14  to  44  per 
cent,  water.  The  bones  and  the  muscles  each  constitute  nearly 
half  the  whole  mass  of  the  body. 

The  animal  matter  of  bones,  termed  ossein  (12  per  cent, 
of  undried  bone:  a  mixture  of  collagen  and  elastin),  is  closely 
combined  with  the  inorganic  salt",  so  that  the  shape  and  size 
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of  a  bone  are  retained  after  these  salts  have  been  removed  with 
acids.    There  is  aleo  15  per  cent,  of  fat,  chiefly  in  the  marrow. 

The  yellow  marrow  may  contain  as  much  as  96  per  cent.  fat. 
The  red  marrow  owes  its  color  to  large  numbers  of  erythrocytes. 
It  alfo  contains  peculiar  iron  compounds,  which  have  to  do  with 
hematogeuesis. 

Experiment. — Place  a  rather  long  and  narrow  bone  in  10  per  cent. 
HNO,i|.    Remove  the  bone  in  a  day  or  two  and  tie  it  in  a  knot. 

Experiment. — Prove  presence  of  pfaOBphaI«B  in  acid  solution  with 
(NH^jjMoOi. 

Experiment. — Teat  another  portion  ot  same  solution  for  Cn  and  Mg 
as  follows:  First  treat  with  FeClj,  added  little  by  tittle,  testing  after 
each  addition  with  NH4EO  until  this  gives  a  ppt.  which  is  no  longer 
white,  but  yellowish ;  then  add  Na^COs  until  nearly  neutral;  and  finally 
ppt.  the  ferric  phosphate  with  1  or  Z  gm.  of  BaCOg;  warm  and  Biter, 
and  ppt.  Ba  from  hot  filtrate  with  dilute  H^SO^.  Teat  the  second  filtrate 
for  Ch  by  rendering  alkaline  with  KH4OH  and  adding  excess  of 
(NHjljCjO^.     Teat  the  third  filtrate  tor  Mg  with  NajHPO*. 

Expert ent.— Heat  some  fragments  of  bone  in  a  dry  testtube; 
note  that  UjO  and  NH3  are  evolved,  and  then  bone-oil  and  infiammable 
ga»es,  leaving  bone-black  and  boncaeh.  Take  up  a  little  of  the  black 
mass  on  a  Pt  loop,  burn  awuy  C,  and  test  for  carbonate  with  an  acid. 

In  old  age  the  hones  become  more  porous;  hence  more 
fragile.  In  most  bone  diseases  (rickets,  osteomalacia,  and  osteo- 
porosis) the  lime-salts  are  diminished,  while  the  organic  con- 
Btitueutfl  undergo  qualitative  changes.  The  phosphates  are  per- 
manently reduced  in  the  urine  after  castration  of  man  or  woman, 
thereby  benefiting  osteomalacia. 


TEETH. 

The  composition  of  teeth  is  much  like  that  of  bone,  dentin 
containine  26  to  28  parts  of  animal  matter  {collagen)  and  64 
to  68  parte  of  mineral,  with  6  to  10  per  cent,  of  water.  Cement, 
or  crurta  pctrosa,  is  true  hone.  Enamel  is  the  hardest  tissue  in 
the  body,  containing  only  3^2  per  cent,  of  organic  matter  (no 
collagen),  and  composed  chiefly  (90  per  cent.)  of  calcium  phos- 
phate and  fluorid.  The  enamel  of  young  infanta  contains  from 
77  to  84  per  cent,  of  mineral  matter. 

Experiment. — Estimate  the  water  in  a  freshly  eitraeted  tooth : 
Weigh  out  a  gram  of  the  crushed  tooth  in  a  tared  porcelain  crucible, 
and  place  in  the  air-bath  at  95°  (or  an  hour.  Remove,  cool,  and  weigh, 
and  return  to  the  oven  tor  another  half-hour;  then  cool  and  weigh 
again.  If  the  Inst  two  weights  corresnond,  the  tooth  is  dehydrated; 
otherwise  it  should  he  again  heated  until  the  weight  is  constant. 

Experiment  to  Estimate  Organic  and  InoTKanlc  Matter. — Place 
the  dehydrated  product  of  the  preceding  experiment  on  a  triangle, 
cover  the  crucible,  and  burn  the  organic  matter;  then  remove,  cover, 
and  calcine  at  a  red  heat  till  the  ash  is  nearly  white.    Coal  and  weigh. 

Ezperlmest. — Place  a  tooth  in  10  per  cent.  TINOg  for  two  or  three 
dnvs.  Then  pour  olT  the  acid  mineral  solution  and,  Bft«r  neutralizing 
with  NTI^HG.  test  it  for  phosphates  with  lNH4)3MaOi;  and  boil  the 
organic  residue  with  water,  forming  a  grlatin-jelly  on  cooling. 
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Acid  substances — Hg,  As,  alum,  and  H2O2 — are  especially 
injuriouB  to  the  teeth.  Liquid  medicines  containing  acids,  like 
tincture  of  iron,  should  be  taken  well  diluted  through  a  glasa 
tube.  Eating  much  candy  injures  the  teeth  by  reason  of  the 
lactic  acid  produced  by  fermentation. 

The  common  brown  variety  of  dental  caries  is  said  to  be 
4ue  to  nascent  HCl;  the  white  or  rapid  variety  to  HNO3, 
formed  by  combination  of  NH3  and  nascent  0  evolved  during 
fermentation;  the  black  variety  may  be  caused  by  H2SO4, 
formed  by  the  nascent  0  and  H^S  of  putrefaction.  It  is  more 
probable,  however,  that  the  color  of  caries  depends  upon  its 
rapidity — the  slower,  the  darker. 

Acids  act  more  readily  on  dentin  than  enamel;  hence  the 
tendency  of  a  cavity  to  enlarge  centrally.  These  acids  are  formed 
by  the  action  on  foods  of  various  fungi  and  bacteria.  Local  in- 
flammations, mental  strain,  pregnancy,  and  lactation  predispose 
to  caries. 

The  tartar  of  teeth  is  a  gray,  brown,  or  yellow  deposit  from 
alkaline  saliva,  and  consists  chiefly  of  Caa(P04)2,  with  a  little 
CaCO.i  and  more  or  less  organic  matter,  molds  and  bacteria, 
silica,  and  alkaline  salts.  The  salivary  secretions  hold  lime- 
salts  in  solution  by  the  aid  of  CO2.  On  passing  into  the  mouth 
this  is  neutralized  by  NH^  and  other  alkalies  of  putrefactive 
■origin,  and  the  lime-salts  are  precipitated  as  tartar.  Rarely  a 
yellowish  deposit  is  composed  of  sodium  urate. 


UTTSCLE. 

Three-fourths  of  muscular  tissue  is  water.  Muscle  plasma 
ia  made  up  of  80  per  cent,  myosin  ("paramyosinogen,"  more 
coagulable)  and  80  per  cent,  myogen  ("myosinogen,"  less  coag- 
ulnble).  Four-fifths  of  the  solid  substance  is  proteid;  the  re- 
mainder consists  of  extractives  (urea,  creatin,  xanthin,  uric  acid, 
etc.)  and  inorganic  salts.  The  ash  (1  to  1.5  per  cent.)  of 
muscle  contains  over  3  per  cent,  of  Mg  and  between  2  and  3 
per  cent.  Ca,  but  K  and  phosphoric  acid  predominate.  Muscle- 
juice  is  produced  only  after  autolysis  of  proteins  begins.  The 
stroma  of  muscle  is  composed  of  nucleoproteid  and  coagulated 
proteid,  yielding  3  per  cent,  gelntin.  The  earcolemma  consists 
of  an  albuminoid  resembling  elastin.  Fat  is  interfibrillar  and  in 
the  sarcoplasm.  Muscle  pigment  is  derived  from  hemoglobin. 
The  carnic  acid  (CioHir,N303)  of  muscle  is  combined  with  P 
to  form  phosphocamic  acid,  or  nucleon. 

Nucleoproteid  is  mo^t  abundant  in  plain  muscle :  least  so  in 
voluntary  muscle.  Paramyosinogen  coagulates  at  47°;  myo- 
sinogen, at  56°.  Myosinogen  is  not  a  typic  globulin,  since  it  is 
soluble  in  water  and  not  pptd.  by  dialysis.  Paramyosinogen 
passes  directly  into  the  clotted  condition  of  myosin,  or  muscle- 
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fibrin;  myosinogen  first  passes  into  a  soluble  condition  (coag- 
ukble  by  heat  at  40°)  before  it  clots. 

The  interfibrillar  glycogen  (changed  to  sugar)  is  the  chief 
source  of  muscular  energy  and  tonicity.  It  is  derived  from 
proteins  as  well  aa  carbohydrates.  During  muscular  contractions 
it  is  transformed  to  erythro-,  then  aehroo-  dextrin,  and  this  into 
maltose  and  then  glucose.  The  latter  ia  then  decomposed  by  a 
specific  ferment  activated  by  a  pancreatic  kinase,  the  final  prod- 
Ticta  being  CO2  and  HjO,  with  formic  acid  and  acetic  aldehyd 
as  intermediate  products.  Glycogen  disappears  from  the  mus- 
culature in  inanition,  and  more  rapidly  during  work. 

Tlie  reaction  of  resting  muscle  is  neutral  or  slightly  alkaline 
(heart  muscle  alwaj's  acid).  During  contractions  it  becomes 
acid  (most  marked  with  insuificient  oxidation),  owing  to  the 
sarcolnctic  acid  evolved  by  the  breaking  down  of  proteids  and 
glycogen,  and  from  KH2PO4  formed  by  the  free  acid  acting  on 
KnllPO^,  Muscular  fatigue  is  ascribed  to  the  irritating  effects 
on  the  nerve-plates  of  an  excess  of  sarcolactic  acid  and  extractives. 

Expeilment. — Test  fresh  muscle-juice  with  litmus  and  lacmoid. 
It  is  commoni;  amphoteric,  from  the  presence  of  mono-  and  dicnicium 
phosphates  and  of  sarcolactic  acid.    Show  that  an  old  meat  extract  ia 


Contractile  tir^fues  will  not  contract  in  pure  polutione  of  non- 
electrolytes.  Ions  produce  contractions  by  affecting  the  physic 
condition  of  protoplasm  or  the  rapidity  of  chemic  processes.  Na 
ions  stimulate  contractions ;  Ca  and  K  retard  or  inhibit  rhythmic 
contractions,  but  a  minimal  amount  must  be  present  if  the  con- 
tractions are  to  continue  for  any  length  of  time.  H  and  OH  aid 
the  action  of  Na  ions  catalytically. 

Rigor  morlis  is  said  to  be  due  to  coagulation  of  myosin  and 
myogen  through  the  action  of  fibrin  ferment,  forming  a  clot 
Rigor  mortis  usually  begins  two  hours  after  death,  reaching 
its  maximum  two  hours  Inter,  It  appears  sooner  in  hot  weathei 
and  after  exertion,  and  later  in  cold  weather.  The  final  dis- 
appearance of  post-mortem  rigidity  is  ascribed  to  the  action  of 
acids  which  render  myosin  soluble — or  to  an  enzyme  (autodiges- 
tion). 

NEBVE  SUBSTANCE. 

The  composition  of  brain  and  nerves  differs  from  that  of 
other  organ?  in  containing  {in  addition  to  albumin,  globulin. 
nncleins,  and  nucleoproteids)  a  large  proportion  of  phosphorized 
fatty  compounds.  The  white  substance  is  more  fatty  and  less 
aqueous  than  the  gray. 

There  are  three  groups  of  phosphorized  fats  in  the  brain: 
lecithins  (very  unstable;  in  combination  with  cerebrosida  as  pro- 
tagon),  kephalins  (veri-  soluble  in  ether),  and  myelins  (moat 
-stable).  The  cerebrosids  (cerebrin,  kerasin,  encepbalin)  are 
TiitrogenouB  Bubstanceit  in  the  white  matter;  they  contain  no  P, 
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and  on  hydrolysiB  yield  galactose,  or  "brain-sugar."  The  amount 
of  water  normally  in  the  brain  is  from  1 1  to  83  per  cent, ;  in  the 
nerves,  72  per  cent.  The  nervous  Bystem  of  children  has  more 
water,  comparatively,  than  in  adults.  Normal  nerves  contain 
about  1  per  cent,  of  P  and  about  the  same  proportion  of  inor- 
ganic salts,  chiefly  phosphates  and  KCl.  The  neurolemma  and 
neuroglia  consiet  mainly  of  neurokeratin.  Gray  nerve  matter 
is  always  acid;  white,  neutral  or  slightly  alkaline.  The  sp.  gr. 
of  tlie  brain  is  about  1.038 ;  of  the  spinal  cord  and  nerves,  1.034. 

In  nerve  degeneration  P  and  lecithin  are  diminished,  while 
fat  and  extractives  {neurin,  cholin,  fatty  acids,  and  purin  bodies) 
are  in  excess.  Cholesterins  are  found  in  nerve  tissue,  both  free 
and  combined.  According  to  Sajous,  the  entire  nervous  system 
is  built  upon  the  plan  of  fibrils  containing  blood-plasma,  sur- 
rounded by  a  layer  of  myelin.  The  main  constituents  of  these 
bodies,  the  oiygen  of  the  plasma  and  the  phosphorus  of  the  mye- 
lin, are  thus  brought  into  contact,  and  nervous  energy  is  liberated. 

The  achromatic  nerve  substance  is  the  most  essential  part, 
and  degenerative  changes  in  it  are  irreparable.  The  fibrillar 
portion  appears  to  be  a  conducting  medium.  The  non-organized 
portion  (trophoplasm)  is  held  by  Marincsco  to  be  the  seat  of 
nutritive  phenomena.  The  chromophile  substance  is  perhaps  a 
reserve  of  nutrient  material.  Chromatolysis  accompanies  fatigue 
or  poisoning  of  neurons  and  primary  and  secondary  nerve  degen- 
eration. 

The  nerve  stream  (action  current)  may  depend  on  a  rear- 
rangement of  ions  propagated  from  point  to  point.  Mathews 
holds  that  a  nerve  impulse  ia  a  gelation  wave  due  to  electric 
change— negative  (anelic)  in  motor  nerves.  Anions  generally 
stimulate,  and  cations  depress. 

The  rods  of  the  retina  contain  a  substance  called  visual 
purple  (rhodopsin),  which  bleaches  on  exposure  to  light,  the 
color  being  restored  in  the  dark.  It  is  probable  that  the  changes 
in  the  rods  and  cones,  perceived  by  the  brain  as  visual  effects, 
are  chemic  in  nature.  According  to  the  Young- Helmholtz  theory, 
the  retina  contains  three  substances  corresponding  to  the  pri- 
mary colors:  red,  green,  and  violet.  The  sensation  of  color  is 
due  to  chemic  changes  in  these  substances  brought  about  by  the 
selective  action  of  light  rays  of  a  certain  wave  length.  A  person 
wiio  is  color-blind  is  deficient,  usually  from  birth,  in  one  of  these 
retinal  substances,  and  commonly  is  unable  to  distinguish  red 
from  green, 

EPIDERKAL  STUTTCTUEES. 

Epithelia,  nails,  and  hair  are  composed  chiefly  of  keratins. 
According  to  Simon,  the  combination  of  these  with  cholesterin 
fats  serves  to  protect  the  skin  surfaces  from  the  attacks  of  ever- 
present  bacteria.     There  is  a  large  amount  of  silicic  acid  in 
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airs,  which  stiffens  them.     Human  hair  contains  2.5  per  cent. 
o,  in  part  loosely  combined. 

Experiment. — Boil  some  hairs  or  nail-parings  with  a  little  KHO. 
Then  add  HCI  and  not«  odor  of  HjS. 

The  granular  pigment  melanin  (an  organic  compound  of  S 
and  Fe)  is  present  in  hair,  the  rete  mucoBum,  and  the  pigment- 
layers  of  the  retina  (fuscin),  choroid,  and  LriB  (only  on  back 
of  iris  in  blue  eyes).  It  is  derived  from  blood-pigment,  and 
serves  as  a  protective  screoi  against  too  bright  sunlight,  which 
develops  more  of  it.  Pigment  formation  is  likewise  stimulated 
by  the  electric  light.  X-rays,  and  the  prolonged  use  of  poultices 
and  hot  compresses.  Jfelanotic  tumors  contain  considerable  of 
this  pigment.  The  depth  of  the  color  of  hair  depends  on  the 
amount  of  pigment,  and  increases  with  age.  Red  hair  contains 
pigment  in  the  hair  cells,  but  not  in  the  cement  substance.  The 
hair  turns  gray  or  white  (Metchnikoff)  through  the  action  of 
mononuclear  phagocytes  in  absorbing  the  pigment  granules  and 
removing  them  from  the  hair. 

An  over-accumulation  of  dead  epidermal  scales  is  known  as 
scurf  or  dandruff,  nnd  is  favored  by  weakness,  poor  blood,  slug- 
gish circulation,  dyspepsia,  constipation,  fevers,  mental  strain,  or 
worry.  Death  results  from  bums  involving  one-third  or  more 
of  the  body  surface,  and  is  due  to  destruction  of  the  red  blood- 
cells,  with  tendency  to  intmvoacular  coagulation.  India  ink 
and  cinnabar  are  used  for  tattooing. 

CONNECTIVE  TISSUES. 

White  fibrous  tissue  consists  chiefly  of  collagen ;  elastic  tis- 
sue, of  elastin.  The  cement  substance  is  a  form  of  mucin. 
Reticular  tissue  (mainly  collagen)  contains  the  albuminoid  retic- 
ulin,  rich  in  P.  In  adipose  tissue  the  protoplasm  is  replaced 
largely  by  fat,  the  nucleus  being  forced  to  the  edge  of  the  cell. 
The  limiting  membrane  of  the  globules  is  a  kind  of  elastin.  Fat 
cells  contain  an  orange-yellow  pigment,  or  lipochrome,  which  is 
left  after  the  fat  disappears  in  emaciation. 

Tendons  are  about  63  per  cent,  water.  Collagen  makes  up 
the  white  fibers.  The  ground  substance  is  mucoalburainous  in 
nature.  Extractives  (creatin  and  others)  and  inorganic  salts  are 
likewise  present.  Lymph-glands  consist  of  a  framework  of 
reticulin,  with  some  collagen  and  elastin.  The  cells  are  especially 
rich  in  nucleohiston.  The  general  mucoid  infiltration  in  myx- 
edema is  due  to  a  d^neralive  change  in  the  fibrous  and  con- 
nective tiseaee. 

CABTILAOE. 

The  matrix,  capsules,  and  cancellous  substance  are  composed 
of  collagen  or  chondrin;   the  cells,  of  a  globulin.    The  organic 
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basis  of  cartilage  ia  a  mixture  of  collagen,  insoluble  albumin 
(albumoid),  and  chondroitin-sulphuric  acid,  CisHsoNO^SOa; 
thia  mixture  being  termed  chondromucoid.  Ca  salts  are  gradu- 
ally deposited  in  old  age.  Modem  investigations  bear  out  the 
older  view  of  Garrod  that  gout  is  due  to  retention  of  sodium 
urate  in  the  cartilages.  The  cornea  is  composed  chiefly  of  col- 
lagen and  a  mucoid  substance  containing  S  per  cent.  S. 

THE  VISCEBA. 

These  consist  on  the  average  of  about  three-fourtha  water 
(pancreas,  90  per  cent,),  and  are  alkaline  in  reaction,  but  become 
acid  aft-er  death.  Pigment  accumulates  in  the  spleen  and  liver, 
in  malaria,  from  the  destruction  of  red  corpuscles.  The  spleen- 
pulp  contains  considerable  purin  bodies.  Liver  iron  occurs  as 
the  complex  ferratin  and  as  albuminate. 

Cellular  degenerations,  says  Roger,  depend  upon  three  dis- 
tinct causes:  1.  Deficient  supply  of  nutrient  materials  {starva- 
tion, anemia,  hemorrhnge,  deficient  oxygenation).  2.  Vitiation 
of  the  interstitial  plasma  (cardiopulmonary  iosuiTicieney.  auto- 
toxemia,  infections,  As,  P).  3.  Disturbance  or  auppreasion  of 
the  functions  of  the  cells  (a  trophic  effect).  For  obvious  rea- 
sons, the  local  frequency  of  degenerativG  lesions  is  proportional 
1o  the  functional  activity  of  the  organs, 

A'isceral  degenerations  include  fatty,  amyloid,  fibroid,  mu- 
coid, colloid,  calcareous,  pigmentary,  and  malignant  (of  benign 
tumora).  In  the  cloudy  swelling  of  inflamed  organs  the  cells 
are  filled  with  an  albuminous  liquid  holding  small  granules  in 
suspension.  In  fibroid  or  glassy  degeneration  (coagulation 
necrosis)  the  cells  lose  all  their  histochemic  properties;  caseous 
degeneration  is  a  final  stage,  and  calcareous  degeneration  often 
accompanies  the  sclerotic  form.  The  change  to  fat  occurs  when 
oxidation  is  deficient,  as  in  P,  As,  and  Sb  poisoning;  alcoholism 
and  yellow  atrophy.  Liver  fat  (normally  3  or  4  per  cent.)  may 
increase  tenfold  by  degeneration  of  this  organ.  Amyloid  is  a 
pale,  waxy  pathologic  protein  formed  during  the  course  of  chronic 
wasting  diseases.  Mucoid  degeneration  is  manifested  by  excess 
of  mucin  (in  small  cysts  resembling  vacuoles).  Vitreous  col- 
loid consists  of  NaCl  and  colloidin,  which  is  colored  red  by 
Millon's  reagent.  The  melanin  (oore,  rubigin)  of  pigmentary 
degeneration  (malaria,  Addison's  disease,  melanotic  cancer)  is 
identic  with  normal  melanin,  and  is  probably  derived  from 
hemoglobin.  The  lungs  are  often  darkly  pigmented  (anthra- 
cosis)  in  coal  minera.  They  may  show  a  reddish  tinge  (siderosia 
— from  oxids)  in  iron  workers.  In  atheroma  of  the  blood-vessela 
the  yellow  spots  show  fatty  and  calcareous  degeneration.  Arena 
senilis  depends  on  calcareous  deposits  in  the  cornea.  Calcareous 
concretions  have  been  found  in  all  the  viscera,  and  particularly 
in  connection  with  pulmonary  tubercles. 
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lEIcroctiemlitry  of  DegeneTatlon.— In  tbe  specimen  fixed  with 
OeO^,  tbe  fat  appears  in  Bmatl  block  grnnutea,  most  abundant  about  the- 
nucleua  of  cells.  Microscopic  deposits  oF  pbospliates  or  cnrbonates  stain 
deep  blue  or  violet  with  hematOKjIin.  Melanin  turns  blaok  with 
NH^HS,  or  blue  with  K^FeCyg  and  dilute  HCl. 

The  fibers  of  the  crystalline  lens  are  very  rich  in  albumins 
and  globulinF,  Its  capsule  consists  essentially  of  membraniD. 
Cataract,  says  Raehlmann,  is  due  to  optic  inequalities  of  refrac- 
tion, owing  to  dissociation  of  the  albuminous  particles  with  inter- 
position of  water. 

The  peculiar  vegetative  activity  of  malignant  growths  is 
due  to  cheraic  or  mechanic  stimulation,  much  in  the  same  way 
as  certain  lowly  organisms  have  been  excited  to  multiplication 
of  cells  and  asexual  development  of  larvK  from  their  ova 
(parthenogeneeis)  by  the  presence  of  strychnin  or  by  mechanic 
agitation.  The  mierobic  theory  of  the  origin  of  cancer  rqire- 
sents  toxins  as  the  incendiary  factors  in  this  cell  anarchy. 

THE  BLOOD. 

This  vita!  fluid  constitutes  Hn  (fasting,  yoking)  to  ^^ia  part* 
by  weight,  of  the  hum^m  body.  The  liver  and  the  muBcles  con- 
tain each  about  V^  of  all  the  blood.  Loss  of  half  the  mass  of 
blood  in  adults  mav  cause  death.  The  greater  the  amount  of 
blood,  the  stronger  the  effects  of  drugs. 

The  blood  is  795  parts  water  per  1000,  and  has  normally  a 
Bp,  gr.  of  1.055  to  1,062;  higher  in  men  than  in  women,  and 
reduced  proportionately  with  hemoglobin  reduction.  In  cyanotic 
states  it  may  reiich  1.080.  Over-conccntratim  of  the  blood 
favors  com.1.  The  electric  conductivily  of  the  blood  varies  with 
the  concentration  of  inorganic  salts. 

Experiment, — Determine  »p.  gr.  of  blood  by  making  a  mixture  of 
benzol  with  chloroform  in  such  proportions  as  to  be  somawhnt  lighter 
than  blood.  Let  a  drop  of  blood  from  the  end  of  the  Bnger  fall  into  the 
liquid,  and  when  it  hna  sunk  add  chloroform  drop  by  drop,  with  stirring, 
until  the  drop  of  blood  floats  midway  in  the  liquid.  Tben  filter  out  the 
blood  and  find  sp.  gr.  of  mixture  with  hydrometer. 

Blood  is  saline  because  of  alkaline  chloride,  which  keep  the 
globulinB  in  solution,  prevent  disintegration  of  the  corpuscles, 
and  aid  osmosis.  The  Jilkalinity  nccesearv  (or  proper  oxidation 
is  maintained  by  NaaHPO*  and  especially  Nai^COa,  which  is 
HRpociated  with  senim-alhumin.  the  combination  being  disso- 
ciated by  CO2  with  fonnation  of  NaHCO^. 

Experiment, — Prove  alkalinity  of  blood  by  placing  a  drop  of  red 
litniua  solution  on  a  porous  porcelain  plate.  When  dry  leave  a  drop  of 
blood  on  the  spot  for  a  minute,  then  wash  off  with  water. 

The  alkalinity  of  the  blood  can  be  estimated  by  mixing 
6  c.c.  of  fresh  blood  with  45  or  50  c.c,  of  0.25  per  cent.  {N^Il4)2- 
C3O4  Golntion  (prevents  coagulation),  titrating  the  mixture  with 
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N/26  H2C4H4O6  sohifion,  using  as  an  indicator  Incmoid  paper 
Boaked  in  concentrated  MgSO*  solution. 

The  normal  alkalinity  ia  proportional  to  the  red  cells,  and 
is  eaid  to  corrsBpond  to  about  300  mg,  NaHO  in  100  c.c.  The 
normal  alkalinity  is  decreased  (down  to  ^  normal,  with  coin- 
cident increase  of  NHg  eliminated)  by  the  production  of  sul- 
phuric, phosphoric,  sarcolactic,  and  tlie  volatile  fatty  acids  in 
the  rapid  protein  catabolism  of  fevers,  and  in  uremia,  Bright's 
disease  (hydremia),  rheumatism,  anemia,  cancer,  diabetes,  and 
by  grent  muscular  exertion.  Alkalinity  is  increased  by  pergiatent 
vomiting.  It  is  rapidly  diminished  after  the  blood  is  shed.  The 
alkalinity  of  blood  is  much  diminished  at  high  altitudes,  owing 
perhaps  to  lessened  O-pressure.  It  is  little,  if  any,  altered  in 
gouty  conditions.  Alkalinity  is  much  decreased  (by  lactic  acid) 
in  poisoning  by  CO,  As^Oa,  strychnin  or  nmyl  nitrite.  The 
blood  may  show  an  acid  reaction  in  diabetic  coma  and  in  some 
cases  of  cholera.  Strictly  speaking,  blood  is  nentral,  since  it 
contains  no  more  HO  ions  than  water.  Ita  alkaline  reaction  to 
litmus  depends  on  the  Na  ions  present. 

The  opacity  of  blood  is  due  to  the  suspended  blood-corpus- 
cles, the  red  variety  of  which  gives  color  mainly  to  the  blood, 
though  serum  also  contains  a  coloring  matter  termed  lutein. 
Non-oxyf;enated  blood  is  dichroic  (dark-red  by  transmitted  light; 
green  by  reflected  light). 

Sxperiment. — Gentlf  shake  some  fresh  blood  (diluted  1  to  G)  in  a 
t«Bt-tube  with  ether.  The  cells  are  dissolved,  and  the  liquid  becomes 
trsnaparent  or  laky. 

The  peculiar  and  specific  odor  of  blood  depends  chiefly  on 
the  presence  of  volatile  fatty  acids,  and  is  rendered  more  dis- 
tinct hy  the  addition  of  H2SO4. 

With  the  hematocrit  the  red  corpuscles  make  up  nearly  half, 
the  white  cells  Hoj  and  the  plasma  a  little  more  than  half  the 
height  of  the  column.  The  number  of  leucocytes  (normally  3000 
to  10,000)  is  increased  (leucocytosis)  in  leukemia  and  in  most 
inflammations,  particularly  when  ending  in  suppuration  (relative 
excess  of  polynuclear  neutrophiles) ,  Digestive  leucocytosis 
(three  or  four  hours  after  meals)  is  due  probably  to  stimulation 
by  products  of  protein  metabolism.  The  white  cells  per  cu.  mm. 
are  increased  by  bleeding,  lactation,  or  quinin;  diminished  by 
large  doses  of  Hg.  Lieucocytosis  ia  absent  in  malaria,  measles, 
typhoid,  pure  tuberculous  infections,  and  early  stages  of  grip. 
The  albuminous  granules  of  leucocytes  have  affinity  for  acid 
(oxyphilic),  basic  (basophilic),  and  neutral  (neutrophilic)  dyes 
respectively. 

The  erythrocj-tes  (normally  iy^  to  5  million  per  cu.  mm.) 
are  diminished  in  anemias  (with  proportionate  oligochromemia 
in  simple  secondary — lower  than  coloring  matter  in  pemieious). 
In  chlorosis  there  is  great  hemoglobin  reduction  (low  color  index) 
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with  but  slight  lesaeniug  of  corpuscles.  There  ia  physiologic 
excess  (polycythemia)  of  red  cells,  at  high  altitudes,  due  to  car- 
diac dilatation.  In  pulmonary  stenosis  the  blood-count  has 
reached  SVa  niillionB,  and  Hb  160  per  cent. 

Hydremia  is  particularly  noticeable  after  hemorrhages  and 
in  amyloid  nephritis,  and  is  accompanied  by  absolute  hypalbu- 
minosis.  Increase  of  fibrin  (hyperinoeis)  has  been  noted  in  pneu- 
monia, erysipelas,  and  acute  rheTimatism.  The  opposite  condi- 
tion, hypinosis,  is  said  to  occur  in  malaria  and  pernicious  anemia. 
In  general,  the  percentage  of  proteids  varies  inversely  with  the 
amount  of  water  in  the  blood.  Sugar  and  lactic  acid  increase  in 
the  blood  whenever  tissue  oxidation  is  imperfect. 

The  sugar  in  the  blood  is  increaaea  up  to  9  per  roille  in 
diabetes,  and  is  also  considerably  increased  in  carcinoma.  It 
may  be  estimated  in  the  usual  way  after  removing  tlie  proteins 
by  boiling  with  JJa2S04.  Acetone  ia  found  in  the  blood  in  fevers 
and  diabetes.  The  glycogen  reaction  is  pronounced  in  diabetes, 
leukemia,  severe  anemias,  and  suppuration.  It  is,  in  general,  a 
sign  that  the  patient  is  very  eick.  To  test  for  glycogen  a  drop 
of  blood  is  spread  between  cover  slipa  and  allowed  to  dry,  then 
treated,  with  a  solution  containing  1  gra.  I  and  3  gm.  KI  in  100 
gm.  of  concentrated  mucilage.  The  glycogen  appears  as  brown 
granules  free  or  in  the  leucocytes.  Leukemic  blood  (2  or  3 
drops),  mixed  with  enough  water  so  that  no  color  remaine,  gives 
a  deep  blue  color  on  adding  tinct.  guaiac  (without  HaOa) ;  ordi- 
nary blood  does  not. 

The  composition  of  the  blood  may  be  represented  some- 
what graphically  by  the  outline  on  following  page : — 

An  increase  of  fat  (lipemia)  is  noted  after  the  ingestion  of 
large  amounts  of  fatty  foods  and  in  obesity,  chronic  alcoholism, 
hepatic  disease,  and  after  injury  to  the  long  bones.  Lipacidemia 
haa  been  observed  in  fevers,  leukemia,  and  diabetes. 

Cholemia  is  met  with  in  cases  of  obstinate  jaundice,  ex- 
cessive secretion  of  bile,  and  destruction  of  red  blood-corpuscles. 
The  serum  shows  a  yellowish  tint.  Urea  is  mucJi  increased  in 
the  blood  in  nephritis  and  cholera.  From  3  to  G  rag.  of  uric  acid 
per  100  c.c.  of  blood  obtains  in  gout,  no  matter  what  the  diet. 
The  smallest  trace,  if  any,  is  found  in  normal  blood  on  a  purin- 
free  diet. 

Other  pathologic  extractives  occasionally  encountered  are 
xanthin,  hypoxanthin,  paraianthin,  guanin,  adeniii,  leucio, 
tyrosin,  lactic  acid,  and  beta- oxy butyric  acid. 

The  coagulation  of  blood  (normally  in  4  to  7  minutes)  is 
believed  to  be  due  first  to  the  union  of  Ca  salts  (CaCij  espe- 
cially) through  tlie  agency  of  the  activator  (thrombokinase) 
with  the  zymogen  protJirombin  (from  plat)ues  and  leucocytes  of 
flhed  blood),  forming  fibrin  ferment  (thrombin). 

Thi-S  in  turn,  combines  with  fibrinogen  to  form  a  network 
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Plasma 
(62  percent.) 


Senim-< 


^  Gaaes 


Corpuscles 
(48 per  cent.) 


Composition  of  the  Blood. 

Water  (90  per  cent.). 

Serum-albumin  (4.6  per  cent.). 

Serum-globulin  (8.1  percent  ):  Euglobulin (a true 

globulin).     Pseudoglobulin. 
Dextrose  (0.1  to  0.16  per  cent). 
Salts=NaCl  (0.66  per  cent.),  CaCl^,  KCl,  MgCl,, 

Mg3(P04)„  CaHPO^,  CaSO^,  carbonates. 
Fat  (0.2  to  1.2  per  cent.). 

Ferments :  diastatic,  glycolytic,  steatolytic,   pro- 
teolytic. 
Eztractiyes=urea  (0.016  per  cent.),  uric  acid,  cre- 
atin,  sarcolactic  acid,  etc. 

0=22  volumes  per  cent,  in  arterial,   12 

per  cent,  in  venous. 
COx=40  volumes  per  cent,  in  arterial,  48 

per  cent,  in  venous. 
N=l  or  2  volumes  per  cent,  in  arterial 
and  venous. 

Fibrinogen  (0.6  per  cent.). 

Water  (68  per  cent.). 

Hemoglobin  (combined  with   lecithin;    about  90 
per  cent,  of  dry  corpuscle,  13  to  14  per  cent,  of 
wet  corpuscle) . 
Q  f  Lecithin. 

MO  rw^nt  \  \  Cholesterin  (  0.046  to  0.12  per  cent.) 
(40  per  ceni.j   ^  Salts=KCl  and  K^HPO*. 

'  Water,  88.6  per  cent. 
Nucleo-histon  (3  per  cent.  P). 
Globulin. 
Glycogen. 
Lecithin. 
Cholesterin. 
Fatty  granules. 
Albumose. 
KjHPO*. 
Blood-plates^nucleoproteids — nuclear  derivatives. 


Red 


White 

(1  to  860 

of  red) 


of  fibrin  threads  (and  a  trace  of  soluble  globulin),  which  enmesh 
and  contract  upon  the  corpuscles,  making  the  clot  and  setting 
free  the  serum.  The  so-called  huSy  coat  is  made  up  of  leucocytes. 
Freshly  drawn  blood  is  readily  deflbrinated  by  whipping  quickly 
with  a  stick  or  a  fork.  The  elastic  strings  of  fibrin  thus  collected 
when  thoroughly  washed  resemble  boiled  white  of  egg.  For  the 
tests  given  below  deflbrinated  blood  should  be  employed. 

To  separate  blood-serum  from  the  clot  the  blood  should 
be  received  in  a  rather  wide  vessel,  and  as  soon  as  it  clots  be 
placed  in  an.  ice-chest  for  thirty-six  to  forty-eight  hours  or  longer, 
until  the  serum  is  clear  and  straw-colored.  The  corpuscles  can 
be  pptd.  from  deflbrinated  blood  by  adding  a  Ko  saturated 
aqueous  solution  of  NaCl  to  Yio  its  volume  oi  the  blood,  pouring 
the  mixture  into  a  shallow  dish,  and  after  settling  decanting. 

Coaprulation  can  be  prevented  by  adding  to  the  freshly  drawn 
blood  ammonium  oxalate  (0.1  per  cent.)  or  sodium  citrate  (1 
per  cent.).    Clotting  is  favored  by  heat  and  dilution  with  water. 
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The  blood  is  dtfident  in  Ca  salts  in  hemophilia.  It  does  not 
coagulate  in  asphyxia  (excess  of  CO2),  nor  along  with  oil.  A 
"huffy  coat"  of  white  cells  appears  during  very  slow  clotting. 

The  most  important  constituent  of  tiie  blood  is  the  coloring 
matter  hemoglobin,  which  constitutes  over  90  per  cent,  of  the 
organic  matter  of  the  red  corpuscles.  It  is  composed  of  globin 
(contains  all  the  S),  biston  and  hematin,  and  in  the  dry  state 
contains  0.42  per  cent,  of  Fe.  It  carries  0  or  CO2  (molecule 
for  molecule)  from  the  lungs  to  the  tissues,  in  a  loose  combina- 
tion known  as  oxyhemoglobin.  Hemoglobin,  or  reduced  hemo- 
globin, is  the  coloring  matter  of  venous  blood,  and  oxyhemo- 
globin that  of  arterial  blood.  Hemofflobin  cry  stall  i7.es  with 
difficulty  in  purple  crystals;  oxyhemoglobin  more  readily  in  long, 
bright-reddish  prisms,  H2O  (ether,  chloroform,  etc.)  remove 
the  coloring  matter  from  the  corpuscles  and  thus  render  blood 
laky  ( dark  crimson ;  transparent)  by  hemolysis.  On  long 
e.\posure  to  air  oxyhemoglobin  stains  isomerize  into  the  more 
stable  brown  acid  mctbemoglobin,  which  is  found  also  at  times 
in  cystic  fluids  and  transudations.  Oxidizing  agents,  such  as 
IloOa,  likewiue  convert  oxyhemoglobin  into  metliemoglobin.  The 
latter  crystallizes  in  red-brown  needles  or  plates,  and  yields  a 
brown,  aqueous  solution,  turning  red  on  rendering  alkaline. 
Oxyhemoglobin  is  dextrogyrous.  The  0-capacity  of  Hb  is  1.34 
c.c.  per  gTam.  Hb  is  found  outside  of  the  blood  in  striped  and 
unstripea  muscle  tissue. 

On  heating  with  acids  or  alkalies  oxyhemoglobin  decom- 
poses into  globulin  and  the  Fe  pigment  hematin;  reduce<l  hemo- 
globin into  hemochrom  and  a  globulin.  Hematin  is  dark-brown 
or  blue-black,  and  amorphous.  The  dark  color  of  "coffee- 
ground"  vomit  in  gastric  cancer  is  due  to  hematin,  formed  by 
the  action  of  HCi  on  blood.  Hematin  combines  with  nascent 
HCl  to  form  hematin  hydro  chlorate,  or  hemin:  a  crj-stalline 
substance  of  vital  importance  in  the  identification  of  blood- 
stains. 

Ezpeiiment  to  IdentU;  a  Blood-ttaln  on  a  Piece  of  Cloth  or 
Wood. — Add  to  a  few  of  the  fibers  or  Boru|)ings  on  a  glaaa  slide  a  drop 
of  1  per  cent.  NaCI  solution,  and  warm  very  gently  till  nearly  dry. 
Thpn  Hdd  at  once  a  drop  or  two  of  glacial  acetic  Rcid.  put  on  a  cover. 
glass,  and  n-grm  again  gently  till  nearly  dry.  Allow  to  cool  and 
examine  under  microwope  (or  smoil,  dsrlc-red,  rhombic  (rarely  wliot- 
atone)  hemin  crystals.  These  Teichmann  crystals  are  insoluble  tti 
water,  but  dissolve  in  alkalies,  with  formation  of  hematin.  Their 
formula  is  CB2Ha4FeN40a.HCl.  Fat  and  ruat  interfere  with  the  hemin 
test, 

Hemaioporphyrin  is  an  iron-free  derivative  of  hematin, 
))repared  by  the  action  of  strong  acids,  and  isomeric  with  bili- 
rubin. It  is  wine-red  in  color,  and  may  be  noted  in  the  gastro- 
infpf^tinai  contents  after  miueral-acid  poisoning. 

Experiment. — To  10  c.c.  of  H2BO4  in  a  test-tube  add  4  or  6  drops 
of  blood,  shaking  thoroughly  with  each  addition.  Note  the  color  0/ 
hematoporphyrin. 
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Heniatoidin  is  a  hemoglobin  derivative  similar  to,  if  not 
identic  with,  bilirubin.  It  appears  in  orange-  or  ruby-  colored, 
amorphous,  or  crystalline  particles  in  old  extravasations  and  in 
the  sputum,  urine,  and  feces  after  hemorrhages. 

CO  hemoglobin  is  a  compound  similar  to  oxyhemoglobin, 
but  is  more  stable;  hence  the  grave  character  of  CO  poisoning, 
since  0  cannot  displace  CO  and  be  carried  to  tlie  tissues. 

Experimeiit. — Pass  a.  current  of  illuiuinalmg  gaa  for  a  few  minuteB 
through  some  diluted  blood  (I  to  60).  Note  change  of  color  to  cherry 
red.  Prove  that  CO  hemoglobin  ja  a  stronger  eorabination  than  ony- 
hamoglobin  by  treating  dilute  BOlutions  of  each  with  twice  as  much 
strong  NaBO  solution  (pure  blood  becomes  brownish,  with  a.  green 
tinge);  with  HjS  (pure  blood  turns  green};  and  with  a  drop  each  of 
dilute  HC2H5O2  and  K^FeCjo  solution   (brownish  ppt.  with  pure  blood). 


Fig.  58.— HEmLn  Cifttali. 


in  all  of  which  tests  the  CO  hemoglobin  solutioD  remains  unchanged  in 
color.  Nitric  oxid  hemoglobin  gives  hands  similar  (paler  and  leas 
sharply  defined)  to  CO  hemoglobin,  and  like  the  latter  does  not  disappear 
on  adding  a  reducing  agent.  The  green  tint  of  the  abdomen  in  cadavers 
is  generally  due  to  the  action  of  intestinal  ga.tes  (HjS)  on  the  blood 
coloring  matter  diffused  in  the  tissues. 

The  Spectroscope  furnishes  the  most  delicate  evidence  of 
the  presence  of  blood  in  solution,  readily  showing  1  part  in 
10,000. 

Speetrotcoplo  Tests.— Dilute  dcfihrinaled  blood  with  200  parts  of 
water,  and  suspend  some  of  tlie  fluid  in  a  narrow  teat-tube  about  an 
inch  before  the  slit  of  the  instrument,  with  a  Qsh-tail  burner  two  inches 
farther  away.  I.  Compare  the  position  of  the  oxyhemoglobin  with  that 
of  the  Na  lines.  2.  Reduce  the  oxyhemoglobin  by  adding  a  drop  or  two 
of  SloUea's  solution  (2  FeSO,  and  3  H2C4H40g  dissolved  in  EjO  and 
rendered  alkaline  with  NE4HO),  and  note  position  of  single  band. 
Shaking  restores  the  two  characteristic  oxyhemoglobin  bands.  3.  To  the 
reduced  hemoglobin  add  a  few  drops  of  strong  NaHO  solution,  forming 
hemochromogen,  and  compare  two  bands  with  those  of  oxyhemoglobin. 
4.  Testa  can  be  made  for  the  spectra  of  methemoglobiu  (warm  dilute 
blood  with  a  few  crystals  of  KClOg),  alkaline  hematin   (heat  blood  with 
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NallO   till   color   becoinea   a.   greenish   brown),   CO   hemoglobin    (blood 
diluted  1  to  50),  and  hi^niato|K)rphynn.     The  one  bund  in  the  orange  is 

ehBracteriEtic  of  inolbvmoglobiti. 

It  is  possible  that  hemoglobin,  like  chlorophjl,  acts  as  a 
dehydrating  agent,  forming  glycogen  from  glucose.  Blood 
leaving  a  resting  gland  is  dark  and  venous ;  that  from  an  active 
gland  is  brighter,  owing  to  CO2  being  given  off  in  the  secretion. 
There  is  no  deficiency  of  0  in  the  blood  in  gout  and  diabetes. 
By  some  blood  is  thought  to  contain  a  ferment  (oxydase)  which 
convei'ta  Hb  into  oxj-hemc^lobin,  and  another  (katalase)  that 
liberates  0  to  the  tissues. 

According  to  Sajoua,  the  adrenals  secrete  a  cliromogen — 
a  colloid,  hyaline  fluid— which  is  mi:ied  with  the  circulating 
plasma  in  the  inferior  vena  cava.  When  the  venous  blood  reaches 
the'  pulmonary  alveoli,  the  marked  affinity  of  the  adrcnalized 
plasma  for  oxygen  causes  it  to  absorb  this  gas  from  the  alveolar 
air,  with  consequent  forcible  expulsion  of  C02  from  the  blood. 
The  adrenoxin,  or  oxidizing  substance,  formed  by  this  nnion  of 
0  and  adrenal  secretion,  is  only  partly  absorbed  by  the  hemo- 
globin of  the  corpuscles,  the  balance  remaining  in  the  plasma. 
This  substance  is  the  reagent  to  which  the  oxidation  processes 
that  occur  in  the  blood-stream  are  due. 

The  cells  of  chorionic  villi  serve  as  an  osmotic  membrane 
through  which  0  and  nutritive  lymph  pass  from  the  mother's 
blood  to  that  of  the  fetus,  while  the  fetal  blood  gives  off  CO2 
and  probably  urea. 

Plumage  pigments  consist  of  lipochromoids  and  melanoids 
closely  related  to  the  pigments  of  fishes  and  reptiles.  The  blood 
of  most  insects  is  green  (from  chlorophyl)  and  darkens  on 
exposure  to  the  air. 

Specifle  Teit  for  Eoman  Blood. — It  is  practically  impossible  to 
distinguish  by  the  ordinary  ohemie,  micToseopie  or  spectroscopic  testa 
between  the  hlooil  of  man  end  that  of  some  other  mammals,  The 
specific  test  of  Bordet  consists  in  administering  to  rabbits  every  other 
day  several  subcutaneous  injections  of  10  c.c.  defibrtnated  human  blood 
(obtained  by  wet-Cupping,  leeching  or  placental  expression),  the  animals 
being  bled  to  death  six  days  after  the  last  dose,  and  their  blood  placed 
in  a  vessel  on  ice  to  separate  the  serum.  Five-tenths  c.c.  of  this  rabbit- 
serum  is  added  to  the  suspected  blood  or  stain,  diluted  about  100  times 
with  decinorrcal  salt  solution,  when,  if  the  reaction  is  positive,  a 
distinct  cloudy  ppt.  forma  rapidly.  The  teat  is  beat  done  at  37°  C. 
The  reaction  is  negative  with  the  blood  of  other  animals,  except  the 
monkey,  which  yields  a  delayed  and  incomplete  reaction.  The  rabbit- 
serum  should  be  rather  fresh,  as  it  loses  its  specificity  after  about  four 
weeks.  The  reaction  nay  be  secured  in  dilutions  of  the  test  serum 
1;  20,000  or  of  the  blood  tested  1:  1000.  Only  albumin  prccipitants 
interfere  with  this  test,  In  the  Bordet  test  for  human  blood  there 
should  he  distinct  cloudiness  within  thirty  minutes,  and  a  ppt.  within 
two  hours.  Control  tests  from  different  domestic  animals  should  always 
be  made. 
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SECBETIONS. 

These  are  the  special  products  of  particular  glands.  They 
are  mostly  liquid  or  semiliquid,  and  are  composed  of  water,  inor- 
ganic salts,  and  organic  compounds.  True  secretions  are  formed 
from  the  blood,  but  do  not  pre-exist  in  the  blood,  and  are  of 
service  to  the  organism.  They  may  be  classified  as  selective 
filtrates  (tears,  sweat,  urine),  products  of  new  principles  (saliva, 
gastric  juice,  bile),  glandular  desquamations  (milk,  mucin, 
sebum),  and  morphologic  secretions  (specialized  cells,  as  semen). 
As  the  blood  is  alkaline,  so  all  the  secretions  (except  gastric 
juice  and  mucus)  are  alkaline  and  of  lower  sp.  gr.  than  the  blood. 
Psychic  emotions  affect  both  the  quantity  and  quality  of  secre- 
tions, and  they  are  generally  diminished  in  fevers. 

The  digestive  fluids  constitute  the  most  important  class 
of  secretions.  They  all  have  a  somewhat  similar  composition 
(phosphates,  chlorids,  carbonates,  sulphates  of  Na,  K,  Ca,  and 
Mg)  except  in  r^ard  to  the  ferments  which  they  contain. 
These  exist  in  the  glands  as  zymogens,  needing  to  combine  with 
dilute  acids  or  alkalies  to  fonn  the  full  enzyme.  The  quantity 
of  secretions  varies  normally  with  the  amount  of  liquids  drunk. 
The  secretion  of  the  gastric  and  pancreatic  juices  depends  on 
specific  hormones;  the  gastric  hormone  being  secreted  by  the 
pyloric  portion. 

The  secretin  of  the  intestinal  mucous  membrane  is  called 
out  by  HCl,  is  heat-proof  (not  a  proteid),  and,  passing  through 
the  blood  to  the  pancreas  and  liver,  excites  the  external  secre- 
tions of  these  organs.  The  flow  of  saliva  and  gastric  juice 
depends  largely  upon  the  present  appetite,  while  the  HCl  of  the 
gastric  juice  is  the  prime  stimulant  of  pancreatic  secretion,  thus 
neutralizing  itself  as  the  acid  chyme  is  propelled  at  intervals 
through  the  pylorus.  The  quantity  of  secretion  bears  a  close 
relation  to  the  kind  and  amount  of  food  taken.  Thus,  the  gastric 
or  pancreatic  juice  poured  out  on  bread  (starch  and  protein)  has 
the  greatest  digestive  power;  that  on  milk,  the  lowest.  Food 
preservatives  (Wiley)  and  large  amounts  of  alcohol  may  inhibit 
or  restrict  digestion. 

The  table  on  opposite  page  shows  the  chief  points  in  the 
chemistry  of  these  secretions. 

SALIVA. 

Normal  saliva  is  opalescent,  odorless,  frothy,  slightly  cloudy, 
and  faintly  alkaline  to  litmus — ^acid  to  phenolphthalein,  owing 
to  COo.  The  quantity  of  saliva  is  diminished  by  atropin,  in 
fevers,  diabetes,  nephritis,  fright,  and  severe  diarrheas ;  increased 
(salivation,  ptyalism)  by  Hg,  KI,  pilocarpin,  acids  (saliva  rich 
in  proteids),  and  by  mastication,  ether,  dry  foods,  pregnancy, 
and  local  inflammatory  conditions.    It  has  a  bad  smell  in  scurvy, 
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gingivitis,  nnd  mercuriul  salivation.  It  is  acid  (lactic  acid)  in 
the  morning  before  breakfast  and  Eonietimes  aft«r  much  talking, 
and  may  be  constantly  acid  from  oral  fennentation  {lactic  acid), 
Hg  ealivatiou,  and  in  rheumatism  and  diabetes,  fevers,  and  in- 
digestion; intensely  alkaline  in  ulcerative  stomatitis.  When  it 
is  strongly  acid,  considerable  galvanic  action  may  take  place 
with  dental  fillings  or  metal  plates.  Albumin  is  present  in 
ptyalism;  urea,  in  nephritis;  uric  acid,  in  goutiness.  The  secre- 
tion of  the  parotid  gland  is  most  fluid;  that  of  the  eublingual 
and  submaxillary  more  slimy.  There  is  only  a  trace  of  ptyalin 
in  saliva  for  some  months  after  birth. 

An  acid  condition  of  the  saliva  favors  pyorrhea  alveolaris 
and  the  rapid  formation  of  soft,  light-colored  tartar.  A  bad 
breath  from  a  filthy  mouth  or  decayed  teeth  is  due  to  putre- 
factive germs  and  gas-forming  bacteria.  The  odor  is  very  stale 
and  foul,  even  slightly  cadaveric,  in  -patientB  who  are  extremely 
ill.  It  is  sweet  and  sickening,  from  decomposing  pus,  in  ad- 
vanced tuberculosis.  Tobacco  favors  bacterial  growth.  Aside 
from  the  digestive  action  of  mixed  saliva,  it  serves  as  a  lubri- 
cating and  washing-out  fluid. 

Espeitment.^Fiiid  by  titration  the  acidity  of  anliva  eatimsted  a» 
ff^CO;)   (more  thnn  in  venous  blood). 

Experiment, — Test  for  mucin  by  adding  to  clear  saliva  acetic  acid 
drop  by  drop,  and  note  pot.  of  mucin  in  white  strings  or  flakes. 

Experiment, — Test  for  Bulpliocyana.te  in  saliva  by  filtering  a  Email 
quantity  and  adding  a  mere  trace  of  HCl,  a  drop  of  very  dilute  FeClj, 
The  red  color  di  sap  pears  on  adding  HgCl^,  This  test  is  sometimes 
negative.  Thiocyanate  is  an  index  of  proteid  metabolism,  and  is  there- 
fore diminished  in  cacbexiaa.     It  ia  marked  in  amount  in  smokers. 

Salivary  calculi  depend  on  inflammatory  conditions,  and 
are  sometimes  deposited  in  the  salivary  ducts.  They  are  com- 
posed of  CaCOs  and  Ca3{P04)3  (cemented  with  organic  matter), 
which  salts  are  normally  held  in  solution  by  COa-  Salivary  cor- 
puscles are  swollen  leucocytes, 

Teit  for  Eff  in  SaUva.— Collect  100  c.c.  or  more  of  saliva,  acid- 
ulate with  HCl,  digest  on  water-bath  for  two  hours,  adding  now  and 
then  a  drop  of  HNO3.  Filter  and  concentrate  to  10  c.c.  Take  a  little 
of  this  in  a  t^st'tube,  add  a  small  fragment  of  bright  Cu.  and  boil.  If 
Hg  is  present,  it  will  form  11  gray  (xiating  on  Ibc  L'u.  driven  off  by 
heating, 

GASTRIC   JUICE. 

This  is  a  thin,  pale-yellow  liquid  containing  0,5  per  cent, 
of  solids.  It  is  often  mi.\ed,  however,  as  usually  obtained,  with 
viscid  mucus  from  the  throat.  The  normally  frankly  acid  re- 
action of  gastric  juice  is  due  chiefly  to  the  free  HCl,  partly  to 
the  acid  phosphates.  The  HCl  is  derived  from  common  salt 
by  the  mass  action  of  CO2  or  by  reaction  with  the  sodium  bicar- 
bonate of  the  blood : — 

NaCl  +  NaHCOa  =  NaaCOa  +  HCl 
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From  the  viewpoint  of  physic  chemistry,  HCl  is  formed  in 
the  stomach  owing  to  the  permeahility  of  the  walls  of  this  organ 
for  Na  ioDB  (passing  out)  and  H  ions  (passing  in),  and  its 
impenneability  to  CI  ions.  HCl  is  furaished  by  the  cells 
(parietal,  oxyntic,  delomorphous)  in  the  middle  region  of  the 
stomach ;  pepsin  and  ehyraosin,  by  the  adelomorphous  cells 
toward  the  pyloric  end. 

The  secretion  should  cease  normally  after  digestion  is  com- 
plete. Water,  meat  extracts,  raw  beef,  and  the  products  of  pro- 
tein digestion  (peptons)  are  reliable  excitants  of  gnstric  secre- 
tion, which  fats  inhibit  both  qualitatively  and  quantitatively. 
Starch  and  egg-albumin  are  inactive  in  this  respect;  milk  and 
gelatin  have  but  slight  effect  as  stimuli. 

Free  HCl  ranges  from  0.1  to  0.2  per  cent,  in  the  gastric 
juice.  The  amount  increases  from  the  beginning  of  digestion. 
It  combines  loosely  with  protein  molecules.  Fluctuating  amounts 
of  free  HCl  point  to  a  neurosis.  The  rule  is,  that  the  more  rapid 
the  secretion  of  gastric  juice,  the  more  acid  it  is,  and  the  first 
juice  has  the  strongest  digestive  power.  The  total  acidity  ia 
highest  with  flesh  and  lowest  with  bread  foods. 

Moderate  antountt  are  often  found  in  the  fasting  stomach 
of  healthy  subjects.  This  acid  appears  to  prevent  the  further 
secretion  of  gastric  juice  when  considerable  has  accumulated; 
other  acids  have  not  such  an  action.  It  converts  pepsinogen  and 
rennin  zymogen  into  the  active  ferments,  but  its  chief  function  is 
antiseptic.  The  offensive  odor  (absence  of  HCl)  of  the  siphoned 
gastric  contents  is  of  great  diagnostic  value  in  carcinoma  (Len- 
hartz).  and  may  be  noted  in  the  absence  of  vomiting  and  a 
palpable  tumor. 

HCl  is  deficient  (hypochlorhydria)  in  most  cases  of  ordinary 
functional  dyspep-sia,  and  in  fevers,  chlorosis  (50  per  cent.), 
chronic  alcoholism,  and  renal,  hepatic,  cardiac,  hemic  and  pul- 
monary diseases.  It  is  greatly  diminished  or  absent  in  cancer 
of  the  stomach  (ulcerating  growths  yield  an  alkaline  juice, 
neutralizing  HCl),  liver,  and  uterus,  pernicious  anemia  and 
chronic  atrophic  gastritis.  Hyperchlorhydria  ia  usually  a  neu- 
rosis (often  with  hypersecretion — gastrosuccorrhea ) ,  and  is  a 
significant  sign  of  gastric  ulcer.  The  escossive  use  of  tobacco 
and  condiments,  small  amounts  of  alcohol  or  creosote,  and  the 
delay  of  food  in  the  stomach,  are  said  to  increase  the  amount 
of  HCl. 

Free  HCl  is  an  effective  gennicide,  lliough  not  destructive 
to  spores.  Bacterial  fermentation,  of  carbohydrates  mostly,  with 
production  of  organic  acids  (lactic,  acetic,  and  butyric)  and 
alcohol,  is  therefore  to  be  expected  with  hypochlorhydria.  Hy- 
peracidity may  be  due  either  to  excess  of  HCl  or  of  organic  acids. 
Mineral  acids  given  before  meals  decrease  the  secretion  of  HCl; 
given  after,  they  prevent  the  formation  of  organic  acids.  Alka- 
lies before  meala  favor  the  secretion  of  HCl ;  given  after  meals 


458 


PHYSIOLOGIC  AND  PATHOLOGIC  CHEMISTRY. 


they  relieve  acid  eructations  from  any  cause,  but  only  for  the 
time  being. 

The  fatty  acida  and  simple  gases  (H,  CO2,  and  CH^)  are 
also  found  in  the  etomach-contenta  in  some  f^asea  of  hyperchlor- 
hydria  with  retention ;  these  cases  are,  however,  not  accompanied 
by  putrefactive  changes.  Frequent  feedings  also  interfere  with 
gastric  eel f-difi infection.  Lactic  acid  is  not  found  in  more  than 
traces  (never  normally  above  0.3  per  mille,  except  from  milk) 
normally  after  digestion  has  progressed  for  more  than  a  half- 
hour,  owiug  to  the  inhibiting  action  of  HCt  (0.07  per  cent,),  or 
until  the  entire  food  mass  has  been  permeated  by  the  mineral 
acid.  In  the  absence  nf  ITCl,  lactic  acid  may  reach  0.4  per  cent. 
It  is  especially  abundant  in  late  cancer. 


The  BUCCU8  pyloricus  is  said  to  be  alkaline,  as  is  the  reaction 
of  the  slimy  secretion  of  the  stomach  in  a  state  of  rest.  Fermen- 
tation 18  best  prevented  by  restriction  of  carbohydrates  and  by 
the  administration  of  HCl  in  sufficient  doses  after  meala.  The 
stomach-contents  generally  contain  a  little  mucus,  which  is 
greatly  increased  in  the  acute  and  the  mucous  forma  of  sub- 
acute and  chronic  gastritis,  and  tends  to  neutralize  free  HCl. 
Acetone,  alcohol,  and  aldehyd  may  he  present  from  fermebtation. 
The  stomach  contains  more  bacteria  per  cu.  mm.  than  the  firat 
part  of  the  duodenum  or  the  large  bowel. 

Ixpertment.— Make  NaUsPO^  b^  adding  HgPO^  gradually  to 
KajHPO^  solution  till  it  iloea  not  ppt.  BaCl^.  Show  with  lilmuH-paper 
that  the  acid  phosphate  thus  formed  is  not  neutralized  b;  CaCOg, 
whereas  free  and  looBely  bound  HCl  are. 


SECRETIONS. 


459 


Ezpeiiment. — Make  a  0.3  per  cent,  aolutioii  of  HCI.  Show  Ihat  it 
turns  methyl -violet  (HUc  to  blue  atrenks  at  marg;iii  on  warming  cone. 
al<\>holic  solution  with  an  equal  amount  of  chyme  filtrate)  solution  blue, 
Congo  red  blue  (sulphonic  ncid),  and  tropeolin  00  from  yellow  to  red. 

Experiment. — Teat  the  RCI  solution  in  a  casserole  by  adding  a  few 
dropg  of  a  5  per  cent,  solution  each  of  cane-augar  and  resorcin.  On 
wurming  gently  a  red  line  appears  at  the  border. 

BUE. 

Bile  is  a  mixture  of  hepatic  cell-secretion  and  of  mucus 
derived  from  the  gall-bladder  and  duct»,  and  is  both  a  secretion 
and  an  escretion,  being  paaaed  into  the  intestine  during  diges- 
tion only.  Fat,  meat  extracts  and  the  digestion  products  of 
ovalbumin  stimulate  the  flow  of  bile.  Bile  is  normally  altaline 
(carbonates  and  phosphates),  sooD  becoming  acid  on  exposure  to 
the  air,  and  later  again  alkaline  (NH3  and  trimothylarain).  It 
is  thick,  viscid,  and  very  bitter,  and  varies  in  color  from  light- 
yellow  to  greenish-blue.  It  contains  from  7  to  18  per  cent,  of 
solids  (1  to  4  per  cent,  from  a  fistula). 

The  chief  hile-salta  proper  are  the  glycocholate  and  tauro- 
cholate  of  sodium,  the  former  occurring  in  four  times  the  quan- 
tity of  the  latter.  They  are  dextrorotatory,  and  are  pptd.  as 
fine  needles  from  alcoholic  solutions  by  addition  of  ether.  They 
are  products  of  proteid  metabolism  in  the  liver. 

The  office  of  these  salts  in  digestion  is  to  ppt.  peptons  in  the 
small  intestine,  thus  aiding  their  absorption.  They  also  keep 
the  fatty  acids  (forming  soluble  neutral  and  acid  salts)  and 
lecithin  and  cholesterin  in  solution.  Bile-salts  in  the  blood  cause 
the  slow  pulse  of  jaundice. 

Normal  bile  contains  two  pigments:  bilirubin,  or  bilifulvin 
(CiflHigNaOa)  (reddish  yellow) ;  and  biliverdin  (CiaHig- 
N2C4)  (green)-  The  former  is  derived  from  hematin,  and 
yields  tlie  latter  by  oxidation ;  on  putrefactive  reduction  hydro- 
hilirubin  (stercobilin,  urobilin)  results  from  the  0-affinity  of 
the  colon  and  lactic  acid  bacilli.  Biliverdin  is  insoluble  in 
CHCls,  which  dissolves  bilirubin.  Bile-pigment  contains  no  Fe, 
which  baa  been  split  off  in  the  liver, 

.'Vltered  bile  and  bile-efones  contain  other  pipnents,  such 
ns  hilifuscin  (brown),  biliprasin  (greenish  black),  bilicyanin 
(bluish),  and  choletelin  (yellow  to  brown).  Pigment  is  often 
low  in  tuberculosis;  high  in  congestive  conditions,  particularly 
when  due  to  heart  disease.  Hydrobilirubinemia  is  the  condition 
in  mild  cases  of  icterus;  bilirubinemia,  in  severe.  Bilirubin  is 
held  in  solution  in  bile  by  sodium  glycocholate.  When  there  is 
reduced  formation  of  bile-acids,  it  accumulates  in  the  liver,  is 
absorbed  by  the  lymphatics,  and  produces  "liver  spots." 

Bile-salts  are  formed  only  in  the  liver.  Bile-pigmcnta  are 
formed  normally  in  the  liver,  hut  also  abnormally  from  the 
breaking  down  of  red  corpuscles  and  extravasations  in  other 
parts  of  the  body.     Thus,  there  are  two  kinds  of  janndice: 
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hepatogenous  (iifiually  obstructive,  with  lymph  absorption)  and 
hematogenous.  In  both,  however,  the  liver  is  concerned.  Cho- 
lemia  leads  to  deptniction  of  red  eorpuacles  and  circulatory  dis- 
turbances. A  diminished  biliary  How  into  the  intestine  favors 
constipation  and  putrefaction.  Bile  itself  quickly  becomes 
putrid  on  standing.  The  bile  is  a  natural  purgative,  through  its 
stimulating  action  on  the  intestinal  muscular  layer.  Deficiency 
of  bile  favors  putrefaction  by  the  unchanged  fat  enveloping  par- 
ticles of  albumin,  so  preventing  their  digestion. 

'The  bile  has  but  little  chemic  action  on  food.  Its  digestive 
importance  depends  on  its  accentuating  influence  on  the  pan- 
creatic fermenta,  whose  action  is  doubled  or  trebled.  The  total 
amount  of  bile,  as  well  as  the  proportion  of  solids,  is  generally 
diminished  in  fevers,  A  little  greenish  bile  is  commonly  present 
in  vomit  when  this  is  frequent  or  severe.  The  presence  of  bile 
in  the  stomach- con  tents  drawn  with  a  tube  ia  suspicious  of 
stenosis  of  the  small  intestine.  The  bile  of  one  day,  injected 
into  the  veins,  would  be  sufficiently  toxic  to  kill  three  men. 

Biliary  cholesterin  is  probably  an  accumulation  residue  of 
the  hydrolysis  of  carbohydrates  by  the  epithelium  of  the  gall- 
bladder and  bile  passages.  When  in  excess  of  the  solvent  action 
(diminished  in  cholecystitis)  of  the  bile  salts  it  crystallizes  out, 
forming  gall-stones,  their  formation  being  favored  by  catarrhal 
conditions,  stagnation  of  bile,  and  the  presence  of  attenuated 
bacteria  (typhoid  or  colon  bacilli). 

Pure  cholesterin  stones  are  white,  soft,  greasy  and  friable, 
and  float  on  water.  Gall-stones  usually  have  a  nucleus  of  epithe- 
lium or  bacteria,  and  arc  cemented  with  mucus  or  lime  soaps. 
Pigment  stones  (calcium  biHmbinate)  often  contain  copper  and 
iron,  and  sink  in  water.  "Onion  stones"  consist  of  alternate 
layers  of  cholesterin  and  calcium  bilirubinate,  the  formation  of 
the  latter  being  favored  by  catarrh  of  the  gall-bladder  (acid 
mucin  and  Ca  in  mucus).  The  average  composition  of  gall- 
stones is  70  to  80  per  cent,  cholesterin,  with  pigments,  but  they 
are  sometimes  made  up  mainly  of  pigments  or  CaCOs. 

Gall-stone  colic  and  soreness  are  most  frequent  in  stout, 
elderly  women,  by  reason  of  their  sedentary  ways,  proneness  to 
a  diet  of  sweets  and  ptarches,  and  constipated  habit.  Gall- 
bladder attacks  usually  occur  at  night,  because  of  distention  of 
the  sac  with  bile,  owmg  to  the  longer  interval  between  meals. 

Gall-stones  are  commonly  multiple  and  have  a  tabloid  or 
polygonal  form,  the  faceting  being  due  to  friction  in  the  bile- 
bladder.  Cholesterin  is  insoluble  in  water,  but  is  readily  dis- 
solved in  vitro  by  ether,  chloroform  and  fixed  or  volatile  oils. 
The  benefit  derived  at  times  from  the  use  of  these  reagents  as 
remedies  for  cholelithiasis,  however,  probably  depends  on  their 
relaxant  and  soothing  action  rather  than  on  their  solvent  proper- 
ties. Olive-oil  causes  the  passage  of  pseudocalculi  composed  ot 
lime  soaps. 
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ExperlmcTit. — To  some  fceali  ux-tiile  in  a  test-tube  add  twice  as 
much  water.  Filter,  if  not  clear,  and  add  acetic  acid.  Note  slight  ppt. 
of  inucin   (more  in  iiuman  bile). 

Experiment.  leit  for  Blle-acldi.^Add  to  a  lew  c.c.  of  well- 
diluted  bile  two-thirda  ita  own  volume  of  etrong  H2SO4,  letting  the  acid 
TUD  dlowly  down  tlw  aide  of  the  tube  so  Bi  not  to  mix,  and  keeping  the 
temperature  below  70°  C.  Then  add  2  or  3  drops  of  a  10  per  cent  cane- 
sugar  solution,  and  shake  gently.  A  pink,  red,  or  violet  color  develops, 
with  a  pink  fonm.  The  reaction  depends  on  the  formation  of  turfurol. 
Albumin  or  morpbin  gives  a  similar  color -reaction. 

Experiment, — Pulverize  a  small  gatl-st«ne  and  disiiolve  in  a 
mixture  of  warm  alcohol  and  ether.  Decant  into  an  evaporating  dish 
and  allow  to  evaporate  apon  Caneously.  Note  the  crystals  under  the 
microscope:  thin,  transparent  plates  with  a  notched  comer.  These  show 
a  beautiful  play  of  colors  when  treated  with  HjSO^  and  an  I  solution. 


Fig.    60— Cliole«(BTln    Plntei,    Cni»h    Preparation.    X  KO.    (Lenlii 


Experiment.— Hi esolve  in  a  drv  test-tube  a  few  of  the  trvstiils  in 

CHCI3,  add  an  equal  volume  of  H5SO4,  and  shake.  A  blood  fed  t^ior 
appears,  turning  cherry  and  purple,  with  a  green  fluorescence.  A 
saturated  solution  of  HgCt^,  on  standing,  turns  urobilin  red,  bilirubin 

PAVCEEATIC  JUICE. 

The  pancreatic  secretion  is  clear,  thick,  and  strongly  alka- 
line, and  contains  about  10  per  cent,  of  eolid  constituents:  tvo- 
thirds  organic,  one-third  inorganic.  The  alkalinity  is  due  chiefly 
lo  Na^COji.  The  IICl  of  gastric  juice  is  the  prime  stimiilant 
of  pancreatic  spcrction,  thus  neutralizing  itself  as  the  acid  chyme 
is  propelled  at  intcn-als  through  the  pylorus;  alkalies  depress 
ihis  secretion.  Acids  (Bayliss  and  Starling)  act  as  secretory 
excitants  (pancn-atic  juice  and  biie)  indirectly,  by  uniting  with 
"prosecretin"  of  the  duodenal  and  upper  jejunal  mucous  mem- 
brane, forming  the  auhstance  "secretin"  (not  destroyed  by  boil- 
ing), which  is  carried  to  the  paucreaa  iu  the  blood-stream.    The 
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stronger  the  acid  the  more  powerful  its  effect  on  pancreatic  secre- 
tion, and  hyperchlorhydria  may  sometimes  represent  an  effort  of 
Nature  to  stimulate  a  sluggish  pancreas  or  liver.  The  specific 
enzyme  "chymase'*  in  the  gastric  juice  also  accelerates  the  action 
of  the  pancreatic  ferments.  Spices  have  no  effect  on  pancreatic 
secretion;  they  excite  a  free  flow  of  protective  mucus  in  the 
stomach.  Pancreatic  juice  begins  to  flow  two  or  three  minutes 
after  the  application  of  the  acid  or  other  exciting  agency.  Both 
the  bile  and  the  pancreatic  juice  arrest  the  destructive  action  of 
pepsin  in  the  duodenum.  Pat  emulsified  in  the  intestine,  under 
the  influence  of  bile  and  pancreatic  fluid,  becomes  acid  after  an 
hour  or  so.  Pats  excite  not  only  a  free  secretion  of  pancreatic 
juice,  but  also  an  increase  of  lipase.  Water  is  likewise  a  direct 
and  independent  exciter  of  the  nervous  mechanism  of  the  pan- 
creas. 

Enterokinase  (eukinase,  zymolysin)  is  a  substance  found  in 
succus  entericus  and  saline  extracts  of  the  duodenal  mucous  mem- 
brane, which  is  necessary  to  the  tryptic  action  of  the  pancreatic 
juice.  Pawlow  explains  the  secretion  of  the  proteolytic  ferment 
of  the  pancreas  in  a  latent  fonn  (trypsinogen),  as  being  designed 
to  protect  the  amylol}'tic  and  lipolytic  ferments.  The  fat-split- 
ting action  of  the  pancreatic  juice  is  increased  fourfold  by  the 
presence  of  bile  and  enteric  juice.  Pancreatic  digestion  is  at  its 
height  by  the  third  to  fifth  hour  after  a  full  meal.  The  fat- 
splitting  function  is  lost  in  the  dried  "pancreatin"  of  commerce. 

The  escape  of  the  pancreatic  juice  into  the  substance  of 
the  pancreas  or  the  surrounding  tissues  (as  in  acute  hemorrhagic 
pancreatitis  from  invasion  of  bile,  owing  to  gall-stone  obstruc- 
tion) causes  disseminated  fat  necrosis.  The  foci  of  necrotic  fat 
are  opaque  (normal  fat,  translucent),  homogeneous  and  yellow- 
ish-white. They  are  not  raised  above  the  surface,  as  are  tubercles 
or  cancerous  nodules. 

Pancreatic  calculi  are  rare  and  consist  mostly  of  phosphate 
and  carbonate  of  calcium,  with  a  nucleus  of  animal  matter. 
They  are  quite  friable,  usually  rough,  and  may  be  faceted.  They 
are  soluble  in  chloroform,  and  yield  on  evaporation  an  aromatic 
odor. 

INTESTINAL  JUICE. 

The  succus  entericus  is  a  clear,  viscid,  light-yellow,  opales- 
cent, strongly  alkaline  secretion,  containing  a  little  over  2  per 
cent,  of  solids,  of  which  about  one-third  is  inorganic.  This  juice 
activates  the  proteolytic  ferment  of  the  pancreas,  neutralizes  the 
acids  formed  by  fermentation  of  carbohydrates,  and  has  marked 
glycolytic  and  lipolytic  activities.  The  pseudopepsin  of  the 
fundus  and  pyloric  part  of  the  stomach  and  of  the  glands  of 
Brunner  acts  in  an  alkaline  as  well  as  an  acid  medium. 
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The  protective  fluid  of  raucous  membranes  is  a  glassy, 
translucent,  colorless  or  opaque,  stringy,  generally  acid  secretion, 
containing  4  or  5  per  cent,  of  Bolids,  chiefly  mucin.  Micro- 
Bcopically  it  shows  mucous  corpuscles,  epithelia,  fatty  granules, 
and  sometimes  cholesterin  crystals.  Mucus  varies  somewhat  ac- 
cording to  its  place  of  origin.  Thus,  vaginal  mucus  is  thin  and 
acid,  while  that  from  the  neclc  of  the  uterus  is  alkaline  and 
resembles  the  white  of  egg. 

Excess  of  mucus  accompanieK  irritation  or  inflammation  of 
the  part  affected,  and  favors  fermentation.  Nasal  mucus  under 
the  microscope  oft*n  appears  in  snail-shell  spirals. 

TEABS. 

The  protective  secretion  of  the  lacrimal  glands  is  a  clear, 
slightly  alkaline  fluid,  containing  3  per  cent,  of  solids,  mostly 
NaCl,  albumin,  and  mucus.  There  is  normally  a  little  less  than 
1  c.c.  daily  from  each  lacrimal  gland.     The  so-called  tear-stone 

is  a  calcified  mass  of  fungus. 


The  lubricating  secretion  of  the  sebaceoua  glands  is  an  oily, 
alkaline  semifluid,  which  becomes  a  white,  greasy  solid  on  cool- 
ing. It  is  composed  of  fat,  poaps,  cholesterin,  lecithin,  casein, 
phosphates,  chlorids,  and  epithelial  scales.  Obstruction  of  the 
gland-ducts  leads  to  the  formation  of  "blackheads"  or  "flesh- 
worms,"  "wens,"  etc.  The  acarns  or  demodex  folliculorum 
(hair-sac  mite,  pimple  mite)  is  to  be  found  at  tlie  base  of  nearly 
every  "hlackhead."  The  smegma  of  the  external  genitals;  ear- 
wax,  or  cerumen,  and  the  vernix  caseosa  of  newborn  infants  are 
sebaceous  in  character.  The  cerumen  contains  a  large  propor- 
tion of  K  soaps  and  a  very  bitter  yellow  pigment.  H202  is  the 
best  Polvent  tor  wax  in  the  ear. 

UIK. 
The  nutrient  secretion  of  the  mammaiy  gland  is  a  natural 
emulsion  of  fat-globulea  held  in  suspension  by  casein  and  cal- 
cium phosphate. 

The  average  daily  quantity  of  milk  from  a  woman  is  about 
a  liter;  from  a  cow,  six  to  tea  liters  (four  times  the  body-weight 
in  a  year).  The  color  is  normally  white  or  light-yellow,  human 
milk  having  more  of  a  bluish  tinge  than  cows'.  Milk  is  colored 
blue  by  the  bacillus  pyocyaneus;  hlue,  slimy,  and  bitter  by  tyro- 
toxicon  and  by  bacteria  (peptonizing  action  of  trypsin),  which 
are  usually  held  in  cheek  by  souring  species;  purple-red  hy  the 
micrococcus  prodigiosus,  and  yellow  by  the  bacillus  synxanthus. 
It  is  red  dish -yellow  in  rinderpest,  owing  to  the  presence  of  blood. 
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A  bloody  discharge  frum  the  mother's  healthy  nipple  is  rarely 
observed  in  neoplasniB  of  the  mamma.  Roj)y  milk  is  caused  by 
B.  lactis  viseosuB  during  moist,  warm  weather.  Inflammation 
of  the  udder  imparts  a  salty  tafte  to  milk.  Gassy  milk  is  caused 
hy  bacteria  present  in  manure  particles.  A  drained  rennet  curd, 
kept  about  blood-temperature  for  Beveral  hours,  shows  that  milk 
ia  unfit  to  ufe  if  there  is  production  of  gaa  (curd  rises  like  dough) 
or  foul  odors.  Certified  milk  ought  to  contain  not  more  than 
30,000  bacteria  per  c.c. 

Breast-milk  and  cows'  milk  are  both  alkaline  to  lacmoid 
and  acid  to  phenolphthalein  on  account  of  the  presence  of  diacid 
and  monacid  phosphates,  COj,  calcium  caseinate,  and  mucin. 
Lime-water  and  baking-eoda  do  not  alkalize  milk  (unless  added 
in  very  large  quantity),  but  may  aid  digestion  by  preventing 
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the  formation  of  dense  curds.  The  sp.  gr.  of  milk  ranges  from 
I.OIS  to  1.045.  Healthy  human  milk  is  from  1.028  to  1.033, 
with  an  average  of  1.031.  Healthy  bovine  milk  ranges  from 
1.029  to  1.035.  Breast-milk  is  thinner  the  less  frequently  it  is 
taken. 

The  solids  in  milk  amount  to  nearly  13  per  cent,  normally, 
varying  from  8  to  16  per  cent.  These  comprise  chiefly  casein 
(3  per  cent,  in  bovine,  1  per  cent,  in  human),  lactalbumin  (0,5 
per  cent,  in  cows',  1  per  cent,  in  woman's),  fat  (4  per  cent,  in 
woman's,  3.7  per  cent,  in  cows'),  lactose  (6  per  cent,  in  human, 
4.Ti  per  cent,  in  bovine),  and  mineral  salts  (0.8  per  cent,  in 
woman's,  0.7  per  cent,  in  cows'),  mostly  Ca3(P04)2,K2C03, 
and  calcium  citrate.  Milk  contains  more  lime  to  the  liter 
than  liquor  calcis.  Other  salts  are  the  phosphates  of  Mg,  K,  and 
Na;  the  chlorids  of  K  and  Na,  and  a  trace  of  iron.  Other 
proteins  in  traces  are  lactoglobulin  (probably  identic  with  scrum- 
globulin),  nuclein,  pepton,  albumose,  urea,  myristic  acid,  opalisin 
.(protein  rich  in  S— human  milk),  dextrin   (cows'  milk),  and 


SECRETIONS. 


465 


albuminoids.  Still  other  unimportant  ingredients  are  lecithin, 
leucin,  creatin,  and  about  8  per  cent,  by  volume,  of  gases  (0, 
N,  and  CO3).  Milk  is  deficient  in  iron,  but  infants  contain  in 
their  tissues  a  store  of  this  metal  that  is  slowly  used  up  during 
the  period  of  suckling.  The  compositinn  of  milk  varies  consid- 
erably from  day  to  any,  and  the  strippings  are  seven  times  as 
rich  as  the  first  few  drops. 

Milk  contains  several  enzymes,  particularly  an  oxidizing  fer- 
ment, absence  of  which  shows  that  the  milk  has  been  heated  to 
preserve  it.  Cows'  milk  contains  a  trypsin ;  human  milk,  a 
diastase. 

Experiment. — Sbnke  10  e.e.  of  milk  with  1  o.e.  tinct.  gu&iae  and 
G  c.c.  eacli  of  turpentine  and  HjOj  solution.  A  blue  color  appesra  when 
the  oxidn=e  is  present. 

Experiment, — To  distinguish  boiled  from  unboiled  (or  pasteurized) 
milk,  make  a  freah,  weak  aqueous  solution  of  diamidohenzene.  and  add 
this  to  BOme  of  the  milk  in  a  test-tube,  along  wjtli  n  few  drops  of 
HjOj.  Unboiled  milk  gives  a  deep  blue  color  at  once — boiled  milk,  no 
appreciable  coloration  for  a  considerable  time. 

The  casein  of  milk  is  not  in  solution,  but  is  held  in  gran- 
ular suspension  as  a  neutral  Ca  salt;  it  can  be  filtered  out  by  a 
clay  filter  aa  a  fine,  white  powder.  It  diasolvea  readily  in  alka- 
lies or  mineral  acids  or  dilute  salt  solution,  and  reddens  moist 
litmus-paper.  It  does  not  coagulate  on  boiling,  but,  along  with 
Ca,  foi-nis  the  scum.  It  coagulates  quickly  with  acids  or  lab- 
ferment  (rennet)  in  the  presence  of  Ca.i(P04)2,  with  which  the 
casein  unites  to  form  tlie  curd  (paracasein),  a  smnl!  quantity  of 
whey  albumose  being  formed  at  the  same  time.  The  coagulation 
of  milk  is  retarded  by  boiling  (COg  driven  off,  which  held  lime 
salts  in  solution),  and  ia  favored  by  adding  lime-water. 

Human  casein  can  be  pptd.  by  saturating  with  MgSO*.  It 
forms  a  finer,  more  flocculent,  and  more  digestible  coagulum 
than  covps'  milk.  Phosphocamic  acid  is  split  off  from  human 
casein  in  digestion,  and  is  peculiarly  rich  in  P. 

Experiment. — Fill  two  test-tubes  one-half  with  milk,  and  to  one 
add  a  teaspoonful  of  a  good  liquid  rennet  Let  Btand  for  fifteen  minutea. 
Then  boil  the  milk  in  both  tube^.  Note  that  the  milk  containing  the 
rennin  gives  a  flocculent  ppt.,  the  other  a.  heavy,  curdj  ppt.  Quite  fresh 
milk  (except  colostrum)  does  not  coagulate  on  Ijcnting, 

lactose  is  nearly  constant  in  quantity  in  the  same  person. 
It  ferments  spontaneously  at  ordinary  temperatures  into  lactic 
acid,  which  removes  the  phosphates  and  ppt*.  coagulated  casein, 
forming  the  curd;  the  whey  ia  the  thin  liquid  left  after  re- 
moving the  curd.  In  the  curdling  of  milk  there  is  also  a  slight 
evolution  of  CO2. 

Casein  and  lactose  are  formed  from  a  complex  giuconucleo- 
proteid  in  the  mammary  gland;  lactoglobulin  and  lactalbumin 
are  probably  derived  from  circulatory  proteins. 

Butter-fat  appears  in  small,  refractive  globules  0.0015  to 
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0.01  mm.  in  diameter  (average,  3.7  microns),  averaging  about 
1,000,000  per  cu.  mm.  It  contains  traces  of  lecithin  and 
cholesterin  and  a  little  yellow  coloring  matter  (lipochrome). 
The  coloring  matter  of  milk  is  chiefly  urobilin.  Gravity  cream 
should  contain  at  least  18  per  cent,  fat;  separator  cream  may 
reach  30  per  cent,  or  more.  Fresh  separator  creams  show  from 
18  to  30  per  cent,  of  total  proteins  as  albumoses  and  peptons; 
two  to  four  times  as  much  as  in  fresh,  whole  milk.  Centrifugal 
or  pasteurized  creams  will  not  whip.  Casein  in  butter  favors 
fermentation.  Whey  contains  from  6  to  8  per  cent,  solids,  chiefly 
lactose,  with  about  0.5  per  cent,  albumin,  a  little  fat,  and  about 
0.6  per  cent,  mineral  matter. 

The  acid,  or  alkaline,  laxative  colostrum  of  the  first  few 
days  of  lactation  is  nearly  one-fourth  solids  (cows'  sp.  gr.,  1.046 
to  1.080;  human,  1.040  to  1.060),  containing  an  excess  of  fat 
and  proteins  (no  caseinogen)  and  numerous  colostrum  corpuscles 
(epithelial  cells  including  fat-globules). 

Mothers'  milk  diminishes  in  fat  and  proteins  near  the  wean- 
ing period.  A  fatty  diet  increases  fat,  but  diminishes  the  quan- 
tity of  milk.  A  vegetable  and  saccharine  diet  increases  the  sugar 
and  decreases  proteins  and  fat.  Meats  cause  an  increase  in  both 
fat  and  proteins,  as  well  as  in  the  amount  of  milk.  A  small 
meat  allowance  in  a  mixed  diet  increases  casein  and  diminishes 
sugar.  Alcohol  taken  by  the  mother  or  wet-nurse  aflfects  the 
nervous  system  of  the  nursling.  Exercise  lessens  proteins.  Hg, 
As,  I,  Pb,  Br,  laxative  salts,  turpentine,  benzene  derivatives,  and 
volatile  oils  pass  into  the  breast-milk  when  taken  internally. 
Organic  acids  taken  by  the  mother  cause  griping  in  the  nursing 
infant.  Worry,  emotions,  and  menstruation  increase  the  pro- 
teins and  render  the  milk  somewhat  poisonous.  Atropin,  cam- 
phor, and  antipyrin  tend  to  dry  up  the  milk ;  jaborandi,  castor- 
oil,  and  alcoholics  may  increase  its  quantity ;  tea  and  coffee,  by 
lessening  appetite,  may  diminish  the  quantity  of  milk.  An 
insufiicient  milk-supply  is  usually  best  remedied  by  the  free 
ingestion  of  liquids,  particularly  broths,  gruels  (yellow  commeal 
to  increase  fat),  milk,  and  chocolate.  The  composition  of  breast- 
milk  varies  with  imequal  intervals  between  nursings ;  the  shorter 
the  intervals,  the  richer  in  fat.  Mothers'  milk  with  sp.  ct. 
1.018  to  1.024,  and  with  only  2  or  3  per  cent,  cream,  is  irremedi- 
able (Holt).     (See  further  under  "Clinic  Chemistry.") 

SEXINAL  FLXriD. 

The  secretion  of  the  testicle  is  a  white,  opaline,  viscid  fluid, 
containing,  as  its  essential  principle,  the  spermatozoa,  which  are 
mobile  in  the  alkaline  fluids  of  the  body,  but  soon  lose  their 
power  of  motion  outside  the  body.  Nuclein  is  the  chief  con- 
stituent of  the  heads;  albumin,  of  the  tail.  They  also  contain 
fat,  lecithin  (gives  opalescence),  and  cholesterin,  and  are  rich 


SECRETIONS. 


467 


in  potadsiiira  phoppbate.  The  glue-iike  odor  ie  due  to  apennin 
(C2H4NH),  which,  standing,  forms  characteristic  dagger,  or 
cuttle-bone,  crystals.  Spermin  represeDts  the  active  principle  of 
Brown-Sequard's  elixir,  and  in  supposed  to  Btimiilate  onidation, 
the  central  nerTOus  syetem,  and  the  reproductive  organs.  The 
quantity  of  eemen  at  each  ejaculation  ranges  from  1  to  5  c.c. 

The  recognition  of  sperniatozoa  in  staina  ia  best  accom- 
plished, according  to  Simon,  by  soaking  a  fragment  of  the  cloth 
or  BcrapingB  for  an  hour  or  more  in  a.  watch-crystal  tontaining 
27  to  30  per  cent,  alcohol,  then  teasing  a  bit  of  the  matter  in  a 
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1  to  200  solution  of  eosin  in  glycerin,  and  examining  under  the 
microscope.  The  heads  of  the  spermatozoa  (which  contain  a 
chromatin  nucleus)  are  stained  deep  red;  the  tails,  pale  roae. 
Vegetable  fibers  do  not  take  up  this  stain. 

In  addition  to  the  spermatozoa,  semen  contains  seminal  and 
other  granules,  epithelial  cells,  and  oil-globulee.  The  major  por- 
tion of  an  ejaculation  consists  of  the  secretion  of  the  sommal 
veaicles,  which  contains  many  mucoid  globules  and  some  granular 
phosphates.  The  prostatic  secretion  is  a  thin,  alkaline  liquid, 
containing  granular  phosphates  often  grouped  in  colored  micro- 
scopic concretions  or  synipexia.  During  sexual  excitement 
Ijittrf'a  follicles,  Cowper's  glands,  and  Morgagni's  crypts  pour 
forth  a  clear  mucus  like  white  of  egg.  This  secretion  is  alka- 
line in  reaction,  and  neutralizes  and  lubricates  the  anterior  ure- 
thra.   Chronic  po<!tgonorrbea]  proetatitia,  aggravated  by  repeated 
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coitus,  may  simulate  gonorrhea.  The  sediment  contains  leuco- 
cytes, cylindric  epithelia,  fat  droplets,  laminated  amyloid  cor- 
puscles, and  many  EiJttcher  crystilB. 

In  azoospermia  the  semen  shows  a  normal  odor  and  quantity, 
but  is  somewhat  thinner  and  clearer,  containing  a  few  round 
cells,  epithelia,  and  octahedral  eryetals,  hut  no  spermatozoa.  In 
oligozoiispermia  the  semen  has  a  few  spermatozoa,  showing  slug- 
gish mnvementB. 

Floience  Tert  for  Seminal  Stalni.^The  reagent  consistB  of  1,65- 
gm.  KI.  2.54  gm.  I,  30  gm,  distilled  water,  forming  Kl-g  (iodureted  KI). 
A  minutu  fragment  of  the  stained  fabrio  on  a  glass  slide  is  soaked  tor 
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about  a  minute  in  a.  email  drop  of  distilled  water,  and  a  cover-glass  ia 
applied.  If  tbv  test  is  positive,  the  microscope  shows  at  once  cbarac- 
teristin  brown  prismatic  crystnls  (from  lecithin)  resembling  hemin. 
The  teat  is  very  delicnte,  but  is  of  negative  value  only,  ainee  it  reacts 
to  the  decomposition  products  of  lecithin  present  in  many  animal  tissues. 

VAGINAL  ADD  UTESIBE  SECSETIOKS. 

The  normal  secretion  of  tlie  vagina  in  virgins  is  always  acid 
(bactericidal).  It  contains  a  variable  number  of  leucocytes  and 
squamous  epithelia.  An  alkaline  reaction  (much  pus  with  cocci) 
is  noted  in  the  diseased  conditions  of  married  women.  Infusoria 
(cercomonas  and  tricliomonae)  are  of  no  consequence. 

From  190  to  200  c.c.  is  about  the  normal  quantity  of  men- 
strual blood  at  each  period.  Lochia  (after  labor)  include  three 
varieties:  rubra  (pure  bloody;  squamous  epithelia,  and  some- 
times decidual  remnants;  first  three  days),  serosa  (like  flesh- 
water;    fatty  puB  cells,  and  sometimes  cholesterin;    fourth  to 
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ninth  Aay).  and  alba  (gray  or  light-yellow;  composition  like 
serosa;  after  ninth  day).  A  putrid,  dirty-brownish  discharge  is 
often  the  first  danger  signal  of  eapremia  from  retention  of  pla- 
centa, membranes,  or  blood-clots.  The  sickening  stench  of  the 
dishwater  discharge  of  uterine  cancer  is  a  valuable  sign,  but  too 
often  a  late  one. 

Abortion  (including  extra-uterine)  is  shown  by  the  presence 
in  the  clot  of  chorionic  villi  (tease  tissue  fragment  and  use  low 
raapnification),  showing  a  capillary  reticulum,  sometimes  with 
fatty  degeneration;  also  large,  round,  polygonal  or  fusiform  de- 
cidual cells  with  very  distinct  nucleus  and  nucleolus. 


This  is  a  clear,  coloriess,  or  faintly  yellow  or  red,  alkaline, 
coagulabJe  fluid,  which  constitutes  the  interstitial  nutrient 
liquid  of  the  body  and  carrieB  into  the  blood  the  retrogressive 
products  of  metabolism.  It  makes  up  perhaps  one-fourth  the 
weight  of  the  whole  body — about  4  liters  made  daily  in  human 
veins.  It  varies  considerably  in  composition  in  different  regions, 
the  solids  averaging  about  5  per  cent,  (chiefly  albumin,  neutral 
fats,  and  TfaCl),  and  in  sp.  gr,  from  1.015  to  1.021-  The  gases 
of  the  IjTnph  are  composed  largely  (35  to  45  per  cent.)  of  C02- 
There  is  only  a  trace  of  0. 

With  the  digestive  iymph-wave  the  blood  becomes  more  con- 
centraleil,  siiowing  an  average  rise  of  15  per  cent,  in  corpuscles 
and  hemoglobin;  7^^  per  cent,  in  sp.  gr. 

Lymphagogs  are  of  two  classes:  (1)  crystalline  substances, 
like  salt,  sugar,  and  urea,  wliich  increase  the  amount  of  water  in 
the  lymph;  (2)  those  like  peptona  and  egg-albumin,  which 
increase  the  amount  o[  organic  solids  by  stimulating  the  endo- 
thelial ceils  of  tlie  blood-capillaries. 

CKTLE. 

This  is  nearly  identic  with  Ivmph,  except  during  absorption, 
when  it  contains  considerable  fat  (over  3  per  cent,),  which  gives 
it  a  creamy  appearance,  and  more  albumin  (0.2  per  cent,).  It 
is  strongly  alkaline,  and  has  a  sp,  gr,  of  1.007  to  1.022.  It  is 
the  mother-liquid  of  the  blood.  As  it  passes  from  the  intestine 
into  the  receptaculum  chyli  it  loses  albumin  and  fat  nnd  takes 
up  corpuscles  and  fibrin,  thus  becoming  coagulable, 

CEREBRDSFISAL  FLUID    (BBAIS  LTKFH). 

The  meiiingwil  fluid  obtained  by  lumbar  puncture  is  clear 
(unless  purulent)  and  frankly  alkaline;  sp,  gr,,  1,004  to  1,007. 
It  contains  less  than  1  per  cent,  of  solids,  chiefly  K  and  Na  salts, 
and  a  trace  of  globulin  (above  1  per  cent,  in  severe  inflamma- 
tions).   The  average  percentage  of  proteid  in  general  paralysia 
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is  about  ^/4  of  1  per  cent.;  three  times  as  much  as  in  spina 
bifida.  Nonnal  fluid  contains  a  reducing  substance,  which  is 
generally  absent  in  pathologic  cases.  The  fluid  in  general  paresis, 
disseminated  sclerosis,  and  neuritis  contains  an  abundance  of 
cholin,  which  is  also  present  in  the  blood  during  seizures. 

Diagnostic  Inf ormatioii  from  Aspiration  of  Spinal  Canal. — ^Tuber- 
culous cerebrospinal  meningitis:  fluid  usually  clear,  1.005  to  1.011; 
proteins,  2  to  3  per  mille  ( Esbach ) ;  tubercle  bacilli  in  about  half  of  cases. 
Acute  non-tuberculous  meningitis:  fluid  usually  opalescent,  sometimes 
purulent;  diplococcus  intracellularis,  Frttnkel's  diplococcus.  Chronic 
pachymeningitis:  fluid  usually  clouded  with  blood.  Apoplexy:  pure 
blood  (its  absence  may  show  extradural  hemorrhage  in  certain  cases). 
Cerebral  tumors:  rarely  rich  in  albumin  or  leucocytes;  sometimes  small 
amount  of  sugar.  Severe  chlorosis:  pressure  greatly  increased  (violent 
headache),  ^rphilitic  and  parasyphilitic  affections  of  central  nervous 
system:  liyperlymphocytosis  (more  than  5  lymphocytes  to  each  micro- 
scopic field,  X  400  or  600). 

SYNOVIAL  FLUID. 

The  synovia  is  a  slightly  cloudy,  light-yellow,  viscid  alka- 
line fluid,  containing  about  3  per  cent,  of  solids:  mucin,  albu- 
min, fat,  and  salts  (particularly  earthy  and  triple  phosphates). 
It  contains  a  peculiar  mucinous  body  termed  synovin.  The  con- 
sistence of  the  liquid  is  increased  by  much  use  of  the  joint. 

AaUEOTTS  HTTXOB. 

This  contains  the  least  albumin  of  any  body  fluid.  When 
the  crystalline  lens  is  injured,  albumin  and  globulin  escape  into 
the  aqueous  humor.  The  total  solids  amount  to  about  2  per  cent., 
mostly  NaCl. 

INTEBNAL  SECRETIONS. 

By  this  term  is  meant  the  specific  non-excretory  substances 
formed  within  glandular  organs  and  given  oflE  directly  to  the 
blood  or  lymph.  Like  the  secretions  having  external  commu- 
nication, these  have  a  special  function  in  the  maintenance  of 
health.  The  ductless  glands  seem  to  neutralize  intrabiontic 
endogenous  poisons. 

The  formation  in  the  liver  and  muscles  of  glycogen  from 
dextrose,  and  the  reverse  change,  are  among  the  most  important 
examples  under  this  heading.  Experiments  on  animals  and 
autopsies  on  the  human  body  seem  to  prove  that  the  islands  of 
Langerhans  of  the  pancreas  furnish  the  blood  or  lymph  with 
an  internal  secretion  necessary  either  to  the  normal  consumption 
of  sugar  in  the  body  or  to  the  control  of  the  sugar  output  from 
the  liver  and  muscles.  According  to  Colmheim,  this  substance, 
passing  to  the  muscle  cells,  unites  with  another  proferment  to 
form  still  another  ferment  which  has  the  power  of  destroying 
sugar  rapidly.  Blood-serum  inhibits  this  glucolysis,  which,  ac- 
cording to  Hirsch,  takes  place  similarly,  but  to  a  less  extent,  in 
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the  liver,    Adipolyeis  also  appears  to  be  a  function  of  the  inter- 
nal secretion  of  the  pancreas. 

The  function  of  the  thyroids  appears  to  be  connected  with 
metabolism  (nutrition  of  connective  tissue  and  nervous  system), 
and  thyroid  extract  increases  nitrogenous  metabolism.  When 
these  glands  are  extirpated  or  atrophied,  the  subject  becomes 
disea?eid  (myxedema).  The  essential  thyroid  Hccretion  is  thy- 
reoglobulin (partly  iodized  and  partly  not;  with  thyreonucleo- J 
proteid,  makes  up  colloid  substance),  from  which  iodothyrin  ia 
obtained  by  boiling  with  acids.  Dry  iodothyrin  is  an  organic  1 
substance  containing  nearly  10  per  cent,  of  I.  The  thyroids 
contain  about  0.17  mg.  As,  as  well  as  a  phosphorized  proteid. 

The  parathyroids  are  considered  even  more  important  than 
the  thyroids,  antidoting  gastrointestinal  poisons  which  produce 
tetany,  convulsions,  tachiTinea,  rapid  heart  action,  and  general 
fibrillar}'  tremors. 

The  thymus  gland  contains  a  nucleoproteid  (12  per  cent.) 
particularly  rich  in  phosphorus  (3.5  per  cent.).  It  functionates 
most  actively  during  fetal  life,  its  activity  gradually  decreasing 
to  nil  at  the  age  of  puberty.  It  appears  to  be  connected  with 
the  growth  of  bone  and  nerve,  and  furnishes  a  good  medium  for 
the  administration  of  nuclein.  Hyperplasia  of  this  gland  accom- 
panies status  lymphaticus. 

Suprarenal  extract  (colloid  chromngen  of  adrenal  medulla) 
is  a  true  internal  secretion  and  a  most  powerful  vasomotor  tonic 
(K*ooo  mg.  adrenalin  has  produced  distinct  physiologic  effects). 
It  is  used  intravenously  for  shock  and  locally  for  preventing  or 
arresting  hemorrhage.  The  active  principle,  C10B10NO3  (ad- 
renalin, epinephrin,  suprarenin,  adnephrin),  is  an  alkaloidal 
pjtTol  derivative  not  decomposed  hy  boiling.  Suprarenal  extract 
is  a  reducing  agent,  sometimes  producing  glycosuria  by  interfer- 
ing with  the  oxidizing  power  of  the  internal  pancreatic  enzyme. 
The  secretion  of  the  adrenals  arrests  peristalsis  (Ott)  ;  that  of 
the  spleen  excites  it.  A  synthetic  product  (methylaminoortho- 
dioxyacetophenon),  having  properties  similar  to  adrenalin,  haa 
been  prepared.  The  high  tension  pulse  of  kidney  disease  is 
ascribed  to  excess  of  snprarenol  secretion  in  the  blood  due  to 
irritation  of  the  adrenals  by  contiguous  inflammation.  Abnor- 
mally low  tension  is  noted  in  .\ddiEon's  disense,  which  depends 
usually  upon  tuberculous  adrenals. 

I   a    dark   green   color,    turning 


The  pituitary  body  is  claimed  by  some  authors  to  furnish 
an  internal  feeretion  relating  to  body-growth  (acromegaly, 
giantism).  The  symptoms  following  the  removal  of  this  organ 
resemble  those  of  thyroidectomy.  The  testes,  ovaries,  and  other 
glands  are  also  thought  to  exert  special  effects  on  the  organism 
through  interna!  secretions.    The  term  hormones  is  applied  to 
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those  activators  or  ohemic  messengere  (simple,  alcohol-soluble 
substances)  formed  in  one  tissue  or  organ  for  the  purpose  of 
stimulating  another  tissue  or  organ.  Examples  are  secretin, 
epinephrin,  thyroiodin.  All  glands  contain  an  enzyme  resem- 
bling or  identic  with  trypsin.  Arginase  is  an  enzyme  in  the 
liver  and  intestinal  mucosa;  it  converts  arginin  into  ornithnin 
and  urea. 

Sajous  concludes  that  the  pituitary,  thyroid,  and  adrenal 
glands  form  a  functional  triad  upon  which  the  life  processes  de- 
pend largely.  The  pituitary,  according  to  this  hj^iothesis,  is  a 
double  sensory  test-organ  and  sympathetic  (vasomotor)  nerve 
center.  The  thyroids  and  parathyroids  secrete  opsonin,  which 
sensitizes  tissues,  bacteria,  and  waste  products  for  oxidation. 
The  adrenals  furnish  albuminous  hemoglobin  (Ehrllch's  ambo- 
ceptor), which  takes  up  0  in  the  lunga  and  carries  it  to  all  the 
ceils;  while  the  trypsin  (Ehrlich's  complement)  of  the  leuco- 
cytes kills  and  digests  bacteria. 

EXCRETIONS. 

Excreta  differ  from  true  secreta  in  consisting  chiefly  of 
waste- pro  ducts  which  are  no  longer  of  any  service  to  the  orpan- 
ism.  They  pre-exist  in  the  blood  and  accumulate  in  this  fluid 
if  not  properly  eliminated,  giving  rise  to  symptoms  of  poisoning. 
The  principal  waste-prodncts  of  the  human  economy  are  uren, 
CO2,  HgO,  NH3,  the  purin  bodies,  creatiu,  the  inorganic  sul- 
phates and  phosphates,  the  conjugate  sulphates,  and  various  pig- 
ments. The  amount  of  urea  excreted  varies  from  3  or  3  grains 
per  pound  daily,  in  sedentary  adults,  to  3i^  grains  per  pound  in 
active  workers,  and  6  to  10  grains  per  pound  in  children. 


This  is  the  most  important  excretion,  o.>ntaining,  as  it  does, 
nearly  all  the  urea.  It  is  generally  much  more  concentrated  as 
to  urea  than  is  the  blood,  owing  to  the  selective  vital  activity  of 
the  renal  cells.  Excess  of  CO2  cauaes  swelling  of  the  epithelial 
lining  and  restriction  of  the  output.  The  water  and  inorganic 
salts  of  the  urine  appear  to  be  eliminated  by  simple  osmosis  and 
diffusion  from  the  capillary  tufts  of  the  glomeruli.  There  is 
always  glomerular  pressure,  since  the  vaea  efl'erpntia  are  of 
smaller  lumen  than  the  afforentia. 

The  urea  is  secreted  by  a  special  selective  action  of  the  cells 
lining  the  convoluted  tubules.  When  the  nutrition  of  these  cells 
is  impaired  by  inflammation,  malnutrition,  or  other  causes,  the 
urea  is  not  fully  excreted,  and  accumulates  in  the  blood  (uremia) , 
while  albumin  and  globulin  escape  from  the  blood  into  the  urine. 
In  healthy  kidneys  the  surface  tension  of  the  urine  is  much 
greater  than  that  of  the  blood,  but  is  diminished  in  renal  dis- 
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ease.  The  kidneys  are  said  to  separate  alkaioidal  poieons  from 
infectious  toxalbuminB  in  the  blood.  The  energy  (oamotic 
pressure)  required  to  Becrete  1000  c.c.  of  urine  is  185  kilogi 
meters — pix  times  as  great  as  the  maximum  force  of  the  i 
elea.     (See  also  under  "Clinic  Chemistry.") 


The  alvine  evacuations  are  principally  the  unabsorhed  resi- 
dues of  intestinal  excretions.  Normal  feces  (food  completely 
digested  and  absorbed)  have  the  same  composition,  and  are 
derived  from  the  intestinal  wall.  Ordinary  stools  consist  chiefly 
of  water  (75  per  cent.),  insoluble  and  indigestible  residues  (7 
per  cent.)  of  cellulose,  inorganic  salts  (1.2  per  cent.),  mucua 
and  nucleoproteid,  epithelia,  fat-drops  and  fatty-acid  cryatals, 
cholesterin,  indol.  skatol,  phenol,  cresol,  extractives,  and  bacteria. 
COa  is  formed  from  the  neutral  iznt  ion  of  the  acid  gastric  con- 
tents by  the  pancreatic  and  intestinal  juices,  and  hy  lactic  and 
butyric  fermentation,  H  is  produced  in  large  amounts  on  a 
milk  diet.  CH4  is  derived  from  cellulose  and  albumin.  The 
bacteria  in  feces  (53  to  400  milliards)  are  said  to  average  one- 
third  the  total  weight  of  solids — more  in  loose  than  in  costive 
stools.  The  number  in  the  bowel  steadily  increases  from  the 
stomach  down.  The  bile  acids  and  acids  of  fermentation  pro- 
duced in  the  intestine  prevent  protein  putrefaction.  The  transit 
of  food  through  the  small  intesline  requires  about  two  hours; 
through  the  large  bowel,  twenty  to  twenty-four  hours. 

The  contents  of  the  upper  third  of  the  small  intestine  are 
alkaline;  of  the  lower  two-third?,  acid  (lactic,  acetic).  Putrefac- 
tion takes  place  chiefly  in  the  large  bowel  (contents  usually  alka- 
line) ,  The  reaction  of  mixed  food  feces  is  normally  neutral  or 
slightly  alkaline;  occasionally  acid  from  fatty-acid  fermentation 
(diet  rich  in  vegetables)  or  in  biliary  obstruction  and  acute  en- 
teritis; rarely  quite  alkaline,  with  triple  phosphates,  in  typhoid 
and  dysentery  (with  free  bile  and  much  chlorids  and  albumin). 
Normal  mother's  milk  stools  in  infants  are  acid;  cows'  milk, 
alkaline  (protein  putrefaction).  The  odor  is  increased  when- 
ever the  feces  have  been  retained  in  the  bowel  much  longer  than 
normally. 

The  peculiar  feculent  odor  is  due  to  the  putrefactive  prod- 
ucts (from  tyrosin),  indol  (CgH7N),and  skatol  (CbH(,N),  along 
with  HnS,  HaP,  methyl  raercaptnn,  and  butyric  and  valeric  acids, 
A  meat  diet  makes  the  stools  smell  stronger.  The  extremely  foul 
odor  of  naphthylamin  is  sometimes  noted  after  eating  fish. 
Acholic  stools  are  generaly  fetid  in  odor.  In  the  green,  acid 
diarrhea  of  infants  from  fermentation  of  carbohydrates  the  feces 
smell  sour.  In  the  more  severe  leaden-gray,  pult.iceons  form  a 
putrid  odor,  due  to  albuminous  putrefaction,  is  noted.  The  char- 
acteristic odor  of  cndaverin  is  marked  in  dysenteric  and  choleraic 
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evacuations.  In  the  gangrenous  variety  of  dysentery  and  in 
syphilitic  and  carcinomatous  rectal  ulceration  there  is  a  very 
offensive  rotten  stench.  Anyone,  who  has  ever  experienced  the 
Tiorribly  fetid  stench  of  tarry  blood  in  the  stools,  can  scarcely 
fail  to  detect  another  specimen  of  this  character. 

Diarrhea  is  in  the  main  a  result  of  overstimulation  of  the 
intestinal  glands,  by  which  nature  endeavors  to  flush  and  cleanse 
the  intestines.  Infusoria  causing  diarrhea  are  the  megastoma 
entericum,  cercomonas,  trichomonas  and  various  amebae. 

The  color  of  the  feces  depends  normally  on  bacterial  ly  re- 
-duced  bile-pigment  (hydrobilirubin,  stercobilin,  urobilin),  and 
varies  from  light-yellow  on  an  alkalizing  diet  to  a  dark-brown 
■on  a  concentrated  acidifying  (meat)  diet.  This  reduction  is  not 
so  marked  in  milk-fed  infants ;  hence  their  stools  in  health  are 
bright-yellow  (bilirubin)  or  spinach-green  (biliverdin) .  Color- 
less stools  are  rarely  due  to  transformation  of  urobilin  into  leu- 
courobilin,  by  further  reduction,  the  color  being  restored  by 
treating  with  acid  alcohol  or  on  standing  (oxidation).  Excess  of 
unchanged  bile  renders  the  color  of  feces  yellow-green,  as  in 
enteric  catarrh  and  nervous  diarrhea.  When  the  el'mination  of 
bile  is  deficient  the  stools  are  pasty,  clayey  and  gli^^tening,  largely 
from  unchanged  fat.  White,  fatty  evacuations  (or  a  yellow,  oily 
liquid)  are  also  noted  in  pancreatic  disease,  chronic  lead  poison- 
ing, some  cases  of  enteritis,  and  tuberculosis  of  the  intestines  and 
peritoneum.  Whitish  particles  in  the  feces  may  be  mucus  (like 
white  of  egg),  pus  (creamy)  or  undigested  casein  (chee=y). 

The  nature  of  the  diet  has  much  to  do  with  the  color  of 
the  feces.  Starchy  foods  impart  a  yellowish  tinge;  green  vege- 
tables (chlorophyl),  greenish;  cocoa  or  chocolate,  gray;  red 
wine  or  huckleberries,  blackish.  Many  medicines  also  affect  the 
normal  hue.  Thus,  the  salts  of  Fe,  Bi,  Pb,  and  Mn  darken  the 
stools,  especially  after  standing,  owing  to  the  formation  of  the 
flulphid  and  oxid  of  these  metals.  Rhubarb,  gamboge,  senna,  and 
santonin  produce  yellow  stools;  hematoxylon,  reddish;  calomel, 
sodium  bicarbonate,  colchicum  or  ipecac,  green  ('Tbilious'*) ; 
methylene-blue,  bluish-green. 

The  fecal  evacuations  are  deep  brown  or  black  (^^carbon- 
ized") from  concentration  in  obstinate  constipation  or  starva- 
tion. They  are  brownish-yellow,  like  pea-soup,  in  typhoid  fever. 
The  prodigiosus  bacillus  or  micrococcus  may  give  rise  to  the 
chromogen  of  red  stools.  The  spinach-green  color  of  the  feces 
in  the  diarrhea  of  infants  may  be  caused  by  biliverdin  (stools 
acid)  or  by  the  bacillus  of  le  Sage  (stools  alkaline),  Shiga^s 
Bacillus  dysenteriae  or  the  Bacillus  pyocyaneus. 

Blood  in  the  stools  is  bright  colored  if  from  the  large  in- 
testine; dark  and  tarry  (hematin),  from  the  stomach  or  small 
intestine.  Blood  and  pus  appear  in  dysentery,  ulcerative  con- 
ditions generally,  and  perforations  of  extra-intestinal  abscesses. 
A  small  bloody-mucoid  stool  is  characteristic  of  intussusception. 
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Hematin  may  occur  in  the  feces,  phyeiotogicalty,  from  a  meat 
diet. 

The  evacuatioDB  are  serous  in  cholera  infantum.  The  rice- 
water  appearance  of  alburainouB  cholera  feces  is  due  to  large 
numbers  of  epithelia.  Albuniin  is  also  found  at  times  in  the 
feces  of  typhoid,  acute  enteritis,  and  chlorosis.  Pepton  has  been 
obsen-ed  in  the  stools  of  typhoid,  dysentery,  perforative  perito- 
nitis, and  tuberculous  ulceration  of  the  intestines.  The  ptomains 
have  been  isolated  from  the  feces  in  cystinuria  and  Asiatic  chol- 
era. Catarrhal  conditions  are  accompanied  by  excess  of  mucue 
(gelatinoid  proctitis,  particularly),  sometimes  forming  pseudo- 
carts  of  the  bowel.  Mucus  from  the  small  intestine  is  well  mixed 
with  the  fecal  matter.  It  particles  of  meat  or  large  amounts 
of  undigested  food  are  visible  to  the  naked  eye,  there  is  a  severe 
lesion  of  the  intestinal  tract, 

Leucin  and  tyrosin  are  found  in  cholera  feces.  Urea  is 
excreted  in  considerable  quantities  by  the  intestine  in  uremic 
conditions.  It  quickly  changes  to  ammonium  carbnnate,  which 
by  its  irritating  action  on  the  mucous  membrane  causes  the  so- 
called  critic  diarrhea  and  vomiting.  In  constipation  and  fecal 
impaction  water  is  reabsorbed  and  the  eicrement  forms  hard 
scybala  vith  mucus. 

The  viscid  meconium  of  the  newborn  owes  its  dark  color 
to  altered  bile.  Micro-organisms  and  their  spores  are  absent 
till  after  suckling. 

Intestinal  concretions,  bezoar,  or  enteroliths,  are  rarely  met 
with  in  human  subjects  (mostly  on  milk  diet),  and  usually  have 
ft  nucleus  of  foreign  matter.  They  may  consist  chiefly  of  earthy 
phosphates,  of  fatty  mattere,  hairs,  vegetable  fibers  (oatmeal), 
or  insoluble  medicines  (salol,  Bi  salts).  They  are  stony  hard, 
eausage-ehaped,  and  show  concentric  rings  on  section.  Coproliths 
are  inspissated  feces  (found  in  narrow  parts  of  large  bowel). 
Intestinal  sand  (grains  of  light  color)  consists  of  Ca  and  Mg 
soaps,  cholesterin,  hile-pigment,  succinic  acid,  etc.  This  lithiasis 
is  due  to  lithogenic  catarrh  of  the  colon,  and  is  usually  associated 
with  mucous  colic.  False  intestinal  sand  may  consist  of  hard 
particles  from  pears,  fig  seeds,  etc.  The  residues  from  bananas 
sometimes  closely  resemble  tapeworm. 

leit  for  Steicobllln.— Shake  fecea  with  saturated  solution  of 
llgCl^i  flltrr  nnd  Host  on  ctilorotcnu,  getting  n  ros;  ring  at  the  line 
of  contai't. 

Eitlmatlon  of  tJndlECited  Albumin  In  Stoolt. — Centrjfugate,  treat 
sediment  with  dilute  HCl  (removes  mineral  salts)  and  then  ether 
(removes  fati),  and  subject  residue  Iccllulose  and  proteins)  to  diges- 
tion with  artificial  gastric  juice.  The  difTercnce  between  this  first 
residue  and  what  is  left  attev  the  digestion  represents  proteins. 

Test  for  Blood  In  Fece*  (Benedict).— Reduce  stool  to  diarrheal 
consistence  (it  need  b«)  by  adding  water;  ahake  with  ^solin,  and 
'""'"'  "   i  test,  getting,  if  positive,  a  blue 
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Weber*!  Test  for  Oconlt  Blood  (Anatfn).— Take  a.  half  teat-tubeful 

of  liquid  feces  shake  twice  with  etlier  to  remoie  (nt  and  throw  away 
thlB  etlier  Then  add  a  cc  of  cane  glacial  acetic  acid  (converts  blood 
into  and  hematin  BolubEe  in  ether)  and  shake  again  with  an  equal 
amount  of  ether  Preserve  tins  ethereal  extract  and  to  it  add  a  few 
granules  of  guaiac  or  aloin  po  vder  and  dissolve  then  add  HjO;;  shake 
well  and  allow  to  stand  If  Mood  is  present  solution  tutna  blue  with 
guaioc     red  with  aloin 

JdentfflcatlDik  of  Knons  In  Feces  (Sehmidt  Pariilei)  — Shake  well 
a  pea  siiwd  pie<;e  of  the  solid  material  in  a  teat  tuhe  with  10  c.c.  of  6 
per  cent  alcoholio  solution  of  HgClj  allow  to  settle  pour  off  alcohol, 
and  odd  10  cc  of  HiO  then  a  few  drops  of  Ehrlichs  triaeid  stain; 
shake  nell  and  let  settle  again  pour  off  staining  fluid  and  wash  with 
HgO  Mucus  IB  stained  greenish  other  proteins  bruk  red  Unchanged 
hile  turns  green  with  SgCl^ 


3W.  (Farll)' 
uuvj,  D,  iiitirBLiija]  cpltheUum. 
itrldlum   butyrtcum.    ft.   Tesit. 


StrasbuTEcr  Fennentation  Test. — Take  about  5  gm.  feces  and 
make  a  thin  liquid  with  water.  Four  into  fermentation  tube,  so  that 
no  air  shall  remain,  and  place  in  brood  oven  over  night.  Little  or  no 
fermentation  in  normal  feces.  If  upright  tube  should  be  half  filled  with 
gas,  and  reaction  of  liquid  more  acid  than  before,  it  shows  excess  of 
carbohydrates  (smell  of  butyric  acid);  if  alkaline   (pus  or  blood),  indol 

HlcToicopy  of  Feces    (Austin   end  Lenharts).— Collect  stool  in 

jar,  stir  with  glass  rod,  remove  a  portion  size  of  large  bean  to  mortar, 
rub  and  add  thymol-water  (a  drop  of  formalin  may  also  be  used  im 
deodorant)  nntil  a  thin  fluid  results.  With  the  glass  rod  place  a  drop 
on  each  of  5  slidee.  Let  one  remain  plain;  to  another  add  a  drop  of 
10  per  cent,  acetic  acid  (dissolves  soaps),  and  heat  for  a  moment  over 
flame;  to  another  add  iodoiodid  of  K  solution  (color  starch  blue) ;  to 
another,  sudan  III  solution  (Ca  Hoaos  light  colored,  fats  deep  red), and  to 
last  a  saturated  HgClj  solution — colors  muscle  fibers  brick-red  if  aterco- 
bilin  is  abundant — otherwise  (closure  of  biliary  duct)  remains  faint 
lemon-yellow   (green  from  bilirubin). 

Crystals  of  CaCjOf  arc  sometimes  noticed  after  a  vegetable  diet. 
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CbCOs  may  ap|>ear  in  grunutes  or  iliiiiib-b«tla.  Wedgi^-Bhaped  and 
"coffin-lid"  phoaplinte  crystnls  are  often  present.  Spindle- shaped 
ChBrcot-LGjden  crvslals  (apermin  phoapliate;  tike  OBt-grnins;  soluble 
in  alkalies)  and  eosinophil  cella  are  suggestive  of  entozoa,  and  have 
been  noled  in  tTphoid,  dysentery  nnd  pulmonary  tuberculosis.  Hemft- 
toidin  crj-ntala  may  be  observed  after  a  hemorrbage  or  severe  catarrh  of 
the  boweia.    Cholesterin  is  rarely  obeerved. 

Blood  can  be  distinguished  microscopically  only  when  from  the 
lower  part  of  the  rectum.  Pua  cells  occur  from  ulceration,  dysentery 
or  a  burst  abscess.  Mucus  is  oft«n  present  (catarrhal  conditions  and 
membranous  enteritis);    it   is   colored   reddish -violet  by  tbionin    (other 

Sroteins  blue).  Structures  like  frog's  spawn  or  boiled  sago  grains,  aays 
othnogel,  are  generally  -of  vegetable  origin.  Fat  in  tlie  stools  may 
appear  aa  driblets  or  crystals  of  soap  or  fatty  acids.  If  the  Cammidge 
pancreatic  reaction  (see  under  urine  in  "Clinic  Cbemistry")  be 
obtained,  and  steatorrhea  and  azotorrbea  also  obtain,  it  is  almost 
certain  that  there  is  some  affection  of  the  pancreas  (Robson),  which  ia 
verified  by  finding  nn  epigastric  tumor.  Much  connective  tissue  in  the 
stools  shows  gastric  indigestion.  Epithelia  in  the  feces  are  usually 
metamorphosed,  and  without  a  perceptible  nucleus.  They  are  increased 
in  desquamative  catarrhal  conditions.  Columnar  epithelia  (clouding 
mucus)   are  of  frequent  occurrence;   squamous  cells,  very  rare. 

Muscular  fibers  and  plant  celts  are  often  present  in  stools;  starch, 
very  seldom,  unless  there  is  marked  catarrh.  Starch  granules  (Hem- 
meter)  enclosed  in  their  cellulose  envelopes  are  without  significance,  but 
if  found  free  they  indicate  failure  of  amylolysis. 

Veast  celts  appear  in  groups  of  3  or  4  buds,  stained  mahogany  by 
Lugol's  solution,  which  produces  a  similar  stain  with  B.  coli  communis, 
B.  lactis  at^rogenes  (stools  of  infanta)  and  B.  putriftcus  (dBCOmpoaing 
proteins).  B.  butyricus  stains  blue  with  Lugot'a  reagent.  Many 
streptococci  are  present  in  the  dejections  of  acute  enteritis.  Spirilla 
are  often  present  in  the  mmrous  diarrheal  stools  of  infants.  Cholera, 
typhoid  and  tubercle  bacilli  are  of  great  clinic  significance.  Corpora, 
amylacca  turn  wine-red  or  dark  brown  with  Lugol'e.  Keep  a  sharp  look- 
out for  the  eggs  of  teniffi  and  other  entozoa. 


The  average  daily  amount  of  perspiration  ia  from  TOO  to  900 
c.c.  (twice  as  much  as  from  lunga).  It  is  a  highly  aqueous 
liquid,  containing  only  1.3  per  cent,  of  solitls  nnd  having  a  ap. 
gr.  of  1.004.  The  chief  eolids  are  the  alkaline  chlorids  (espe- 
cially NaCl),  sulphates  aad  phosphatee,  cholesterin,  urea,  and 
epithelia.  The  fatty  acids  (acetic,  formic,  propionic,  eaproic), 
lactic  and  sudoric  acids,  ethereal  sulphates,  and  piirin  bodies  are 
present  when  sweating  is  profuse.  From  2  to  30  gm.  CO2  is 
fpvoo  otf  by  the  skin  in  twenty-four  houra.  The  amount  of  urea 
excreted  by  this  route  is  markedly  increased  in  cholera  nnd 
uremic  conditions,  and  glistening  crystals  thereof  may  sometimes 
I)e  seen  on  the  skin;  vapor-baths  have  the  same  effect.  In  renal 
insufficiency  the  proportion  of  urea  (normally  about  1.5  per 
mille)  may  rise  to  10  p.  m. 

Freshly  excreted  eweat  is  more  or  leas  turbid  (fat  and  epi- 
thelia), usually  slightly  alkaline,  but  may  he  acid  (NalT2P04, 
and  fatty  acids) ;  with  a  salt}-,  somewhat  acrid  taste  and  char- 
acteristic odor.    It  may  be  colored  yellowish  from  bile;  blue  or 
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red  from  indican  (cyanhidroBia,  ehromhidroais),  and  red  from 
blood.  It  is  very  acid  in  acute  rheumatism  and  in  rickets; 
strongly  alkaline  (ammoniacal)  in  urc-mia.  The  night-sweats  of 
phthisis  contain  tuberculin.  The  salty  sweat  becomes  bitter  after 
large  doses  of  quinin.     It  may  be  sweet  in  diabetes. 

lodin,  iodids,  organic  acids,  Hg,  As,  and  other  drugs  may 
appear  in  the  sweat  after  their  administration.  The  akin  erup- 
tions sometimes  following  the  ingestion  of  berries  and  shellfish 
may  be  caused  by  the  local  irritation  of  organic  acids  and  intes- 
tinal  decomposition  products.  The  ill  effects  of  coating  the  skin 
with  varnish  are  due,  not  to  checking  of  perspiration,  but  to 
resulting  dilation  of  cutaneous  vessels  and  consequent  lose  of  heat. 
The  sweat  centers  are  e.^cited  by  escess  of  CO"  or  by  bile  in  the 
blood  and  by  overheating. 

The  amount  of  ]ierspiration  given  off  in  the  closed  palm 
during  five  minutes  is  normally  about  75  per  cent,  of  atmos- 
pheric saturation  (Wetherill).  In  uremia  it  is  greatly  dimin- 
ished {down  to  30  per  cent.) ;  much  increased  in  exophthalmic 
goiter.  In  the  evaporation  of  sweat  from  the  surface  of  the  body, 
each  pound  representB  about  1000  thermal  units.  An  oily  skin 
(Kellogg)  radiates  heat  50  per  cent,  more  rapidly  than  a  dry 
or  unoiled  skin.  The  loss  of  heat  by  evaporation  ordinarily 
amounts  to  about  100  heat  units  per  hour.  Oiling  the  skin,  pre- 
vious to  diaphoretic  measures,  aids  in  opening  the  duets  of  the 
sweat  glands. 

TOIOT. 

Vomiting  of  undigested  food  some  hours  after  meals  is 
noted  in  gastric  atrophy  or  unadeny.  Vomiting  of  well-digested 
food  occurs  in  stomach  neuroses,  gastric  ulcer,  and  acute  or  sub- 
acute gastritis  and  in  central  emesis.  Morning  vomiting  of  food 
taken  the  day  before  indicates  some  interference  with  gastric 
motility-  usually  accompanied  by  dilation  and  fermentation. 
Morning  vomiting  also  occurs  in  alcoholic  pubjerts  and  patients 
with  chronic  pharvngitic,  from  the  swallowing  of  mucus  and 
saliva.  Bile  and  pancreatic  juice  are  nearly  always  pre'^ent  in 
vomit  when  severe  or  protracted,  and  the  former  is  readily  dis- 
tinguished by  its  color  (bilirubin,  yellow;  biliverdin,  green).  A 
green  color  may  also  be  due  to  mold   (Knapp). 

Bright  blood  is  characteristic  of  gastric  ulcer,  in  which  con- 
siderable quantities  are  lost.  Small  amounts  of  blood  are  changed 
to  hematin  by  the  acid  gastric  juice,  giving  rise  to  the  black,  or 
"coffee-ground,"  ejections  of  gastric  cancer  and  hepatic  cirrhosis. 
A  dark-red  or  chocolate-colored  vomit,  resembling  blood,  is  like- 
wise noted  in  the  mold  complication  of  organacidia  gastrica. 
termed  gastrosia  fungosa.  Pus  in  vomit  is  generally  due  to  the 
perforation  into  the  stomach  of  an  adjoining  abscess. 
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and  2  or  3  m.  of  HCI,  warming  and  nddiiig  b  few  drops  of  a  fresh  solu- 
tion of  K,FeCjB.     PruBSian  blue  ia  pptd.  if  positive.    Whyf 

Stercoraceaus  vomiting  is  easily  recognized  by  the  odor,  and 
is  indicative  of  intestinal  obstruction.  A  feculent  odor  is  also 
sometimes  obseired  in  cases  of  enteroslenosia  nnfi  in  subjects 
with  a  fistula  between  the  stomach  and  the  intestine — rarely  in 
fecnl  impaction  or  gastrointestinal  neuraetbenia. 

The  odor  of  vomit  may  be  putrid  in  gastric  carcinoma  and 
in  pyloric  obstruction  from  any  cause.  An  animonjaeal  odor  is 
observed  in  uremic  vomiting;  a  garlicky  odor  in  P  poisoning j 
carbolic  and  hydrocyanic  acids  give  characteristic  scents  to  the 
vomit. 

The  regurgitated  material  from  an  osiipbagral  sac  or  strict- 
ure is  easily  distinguished  from  true  vomit  by  the  total  absence' 
of  all  gastric  elements. 


,'.*!•:•-«. 
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The  chemistry  of  the  sputum  is  of  no  greit  ruhitive  impor- 
tance. Tbc  daily  (|uantity  may  exceed  a  pint  in  casts  with  larg& 
cavities.  The  color  and  opacity  depend  chiefly  on  the  contained 
leucocytrB.  The  reaction  is  usually  alkaline.  The  tenacity  is 
due  to  contained  mucus.  The  air  content  of  simple  mucoid 
sputum  varies  with  the  effort  in  coughing  to  raise  it.  The  sweet 
taste  of  pus  is  due  to  tbe  contained  soap,  masking  the  salty  flavor 
of  NaCl.  The  pus  discharged  from  a  ruptured  empyema  often 
smells  like  old  cheese.  A  bad  odor  is  likewise  noted  in  tuber- 
cuIouH  ulceration,  bronchiectasis,  and  pulmonary  abscess  or  gan- 
grene. TuherculouH  pus  (Kolaczek)  dropped  into  Millon'a  solu- 
tion yields  a  firm  film  without  coloration :  non-tuberculous,  a 
transient  disk  and  soon  a  bright-red  coloration. 
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The  following  crystals  are  occasionfllly  met  with:  Hema- 
toidin  (bilirubin,  aferrous,  following  extravasations  of  Mood), 
cholesterin  (stagnant  pus),  fatty-acid  needles  (putrid  condi- 
tions; dissolved  by  heat  or  ether),  calciiun  oxalate,  triple  phoB- 
phatee,  leucin  and  tyrosin  (old  pus  foci),  and  the  Chareot- 
Leyden  crystals.  Tiiese  last  are  !ong,  sharp  octahedra,  having 
the  formula  C2H5N.  They  are  moRt  frequently  observed  in 
asthma,  and  are  chemically  identic  with  spennin.  They  repre- 
sent a  retrogressive  cellular  metamorphoeia  and  are  found  in 
decora  posing  viscera. 

Particles  of  silica  or  stone-dust  are  observed  in  chalicoaia; 
of  coal-dust  in  anihraeosia;  of  iron  in  the  siderosis  of  grinders, 
and  of  kaolin  in  the  sputum  of  potters  and  briclonakers.  CaCOg 
concretions  may  come  from  the  tonsillar  crj'pts  or  from  old  pul- 
monary cavities,  and  the  same  is  true  of  fetid  cheesy  particles 
(bacteria  and  fatty  detritus).  Rarely  a  blue  tinge  is  noted  in 
tuberculous  sputum,  due  to  ferrous  phosphate. 

The  sputum  of  pneumonia  contains  as  much  as  3  per  cent. 
proteid  (never  above  1  per  cent,  in  phthisis  and  bronchiectasis) . 
Tlie  fibrin  eoagula  of  pneumonia  swell  and  dissolve  in  acetic 
acid-  "Raspberry"  or  "currant  jelly"  sputum  is  noted  in  pul- 
monary carcinoma  (fat-granule  spherules  and  atypic  epitheha). 
The  bloody  expectoration  of  hysteria  resembles  thin  raspberry 
jelly.  It  is  accompanied  by  a  great  number  of  squamous  epithe- 
lia,  and  may  persist  for  weeks.  The  sputum  of  asthmatics  may 
contain  a  large  number  of  basophilic  (mastzell)  cells.  The 
"heart  lesion"  cells  of  brown  induration  of  the  lungs  contain 
yellow  to  brownish-red  or  glittering  black  pigment,  showing  the 
Berlin  blue  reaction  with  K4FeCyn  in  presence  of  a  trace  of 
HCI.  Fatty  detritus  is  especially  abundant  in  purulent  sputa. 
Elastic  fibers  show  a  breaking  down  of  lung  tissue,  as  in  tuber- 
culosis, abscess,  and  gangrene  (putrefaction  may  dissolve  the 
fibers) ;  coarse,  straight  fibers  are  from  food  remnants.  The 
granules  in  loptothrix  buccalis  stain  blue  with  I,  especially  after 
acidulating  with  acetic  acid. 


CTSTIC  CONTENTS. 

Ovarian  and  parovarian  cysts  may  contain  either  a  clear, 
straw-colored  fluid  (red-hrown  if  hemorrhagic)  of  low  sp.  gr. 
and  with  little  albumin,  or  a  dense,  glairy,  colloid  material 
(1.018  to  1.024)  with  a  large  amount  of  serum-albumin,  serum- 
globulin,  and  metalbumin.  This  last  protein  is  very  character- 
istic of  ovarian  cysts.  It  may  be  demonstrated,  according  to 
Simon,  by  mixing  the  fluid  wilJi  three  times  its  volume  of  alco- 
hol, setting  aside  for  twenty-four  hours,  and  filtering.  The 
filtrate  on  boiling  becomes  cloudy,  without  a  sediment,  however. 
It  gives  no  ppt.  with  acetic  acid,  but  with  this  acid  and  potas- 
sium ferrocyanid  thickens  and  turns  yellowish.     H3SO4  gives  a 
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violet  color,  and  boiling  with  Millon's  reagent  a  bluish  red, 
Cholesterin  crystals  are  generally  quite  nurocroua. 

Hydatid  fluid  is  clear,  alkaline,  and  non-albiuninous ;  sp,  gr, 
1.006  to  1.010.  NaCl  ia  abundant,  and  succinic  acid  is  usually 
present.  Seeing  the  characteristic  booklets  under  the  microscope 
is  the  final  test. 

The  fluid  of  pancreatic  cysts  is  recognized  by  its  power  of 
digesting  etarch,  fat,  or  albumin  in  alkaline  solutions.  Milk  may 
be  employed  as  a  test-medium,  using  the  biuret  reaction  after 
pptg.  the  casein.  A  negafive  result  does  not  exclude  a  pancreatic 
origin,  since  trypsin  is  not  present  in  very  old  cysts.    The  fluid 


for  testing  must  be  sterile,  since  many  organic  ferments  split 
starch  and  fat. 

Teit  for  Steapifii  (KoOlannan) . — Shake  a  gram  of  biitter-fut  in 
a  trst'tube  with  5  c.c.  of  lukewarm  B^O,  add  a  few  dropa  of  rosolic  acid 
aolution  and  enough  NajCOa,  to  give  a  pink  color.  Then  add  an  equal 
volunte  of  the  fluid  under  examination,  and  digest  at  40*  C.  for  ieverai 
hours.  In  the  presence  of  ateapsin  tlie  mixture  will  turn  yellow  (from 
Itbcralion  of  fatty  axidt)   in  twelve  hours  or  less. 

Sebaeeou.'!  or  atheromatous  cysts  contain  inspissated  fat, 
fatty-acid  needles,  epithelial  cells,  cholesterin  crystals,  and  leuciii 
and  ty rosin. 

The  finding  of  urea  in  notable  quantities  readily  distin- 
fiiiisbes  a  hydronephrotic  cyst  from  any  other,  even  when  the 
liquid  has  no  urinous  odor.  Renal  epithelial  cells  are  also  quite 
characteristic  when  found.  Red  and  white  blood-cells  are  tlie 
chief  microscopic  constituents.    The  sp.  gr.  is  always  below  1.020. 
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TKAJrSTTDATES  AND  EZTTDATES. 

The  pathologic  accumulation  of  fluids  in  the  serous  cavities 
and  areolar  connective  tissue  (under  skin  and  between  muscles) 
is  termed  an  exudate  when  inflammatory  in  origin ;  a  transudate 
when  non-inflammatory  (heart,  blood,  or  kidney  diseases) .  The 
sp.  gr.  of  exudates  ranges  from  1.012  to  1.030  (the  older,  the 
denser)  ;  of  transudates  from  1.005  to  1.015.  The  difference 
is  attributed  to  the  amount  of  albumin:  4  to  6  per  cent,  in 
exudates  (2  to  2.5  per  cent,  in  peritoneal),  1  to  2  per  cent,  in 
transudates.  Exudates  often  coagulate  spontaneously  after  stand- 
ing twenty-four  hours ;  transudates  do  not  coagulate  unless  from 
the  presence  of  blood.  Considerable  gas,  chiefly  CO2,  is  fre- 
quently developed  in  these  fluids.  Pericardial  effusion  and  hy- 
drocele fluid  do  not  coagulate  unless  pus  or  blood  is  added.  In 
pneumonic  resolution  the  fibrin  and  erythrocytes  are  dissolved 
by  a  kind  of  peptonization. 

Transudates  are  generally  serous  and  of  a  light-straw  color 
(tinged  reddish  if  blood  is  present) ;  rarely  they  are  chylous. 
Hydrocele  fluid  contains  nearly  5  per  cent,  of  serum-albumin 
and  serum-globulin.  Plates  of  cholesterin  (sometimes  forming 
a  glistening  pellicle)  are  often  found  in  old  serous  transudations. 
Anasarcal  fluid  is  clear  and  watery  (1.005  to  1.010),  and  con- 
tains about  0.5  per  cent,  serum-albumin  and  0.1  or  0.2  of  urea. 
Ascitic  fluid  is  yellowish,  has  a  sp.  gr.  of  1.008  to  1.012,  and 
contains  from  0.7  to  0.9  per  cent,  of  inorganic  matter.  It  is 
chylous  in  tubercular  peritonitis.  Hydrocephalus  fluid  is  below 
1.0085  in  sp.  gr. 

Exudates  may  be  serous,  serofibrinous  (serosanguinolent), 
seropurulent,  purulent,  putrid,  hemorrhagic,  or  chylous.  Serous 
exudates  resemble  transudates,  and  have  a  sp.  gr.  usually  above 
1.008.  Their  sediment  shows  a  flocculent  coagulum  containing 
a  dense  fibrin  reticulum,  but  few  red  blood-cells  (chiefly  from 
puncture)  and  many  multinuclear  leucocytes  (sometimes  much 
enlarged). 

Hemorrhagic  exudates  into  the  pleura  are  most  frequent  in 
cases  of  pulmonary  tuberculosis  and  carcinoma,  which  are  dis- 
tinguished from  each  other  by  finding  cancer-cells  and  fat- 
droplets  and  needles  in  the  latter  instance;  tuberculous  exudates 
are  usually  sterile,  and  are  composed  largely  of  small  lympho- 
cytes. In  mechanic  pleurisy  endothelial  cells  predominate. 
Hemosiderin  granules  and  clumps  are  often  found  in  chronic 
hemorrhagic  exudates. 

Putrid  exudates  are  brown  or  greenish-brown  and  alkaline 
(except  from  perforation  of  gastric  ulcer),  and  are  readily  rec- 
ognized by  the  odor.  If  a  serous  exudate  is  obtained  on  aspiration 
of  an  upper  intercostal  space,  and  a  putrid  in  a  lower,  we  may 
suspect  subphrenic  abscess. 

Purulent  exudates  vary  in  color  from  gray-yellow  to  green- 
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j-ellow  (may  bocome  dark-blue  from  indican),  and  in  sp,  gr. 
from  1.030  to  1.040.  They  are  alkaline  when  fresh  (pleural  may 
be  weakly  acid),  and  have  the  same  cheraic  composition  as  white 
blood- corpuscles,  with  addition  of  pepton.  The  leucocytes  are 
usually  fatty.  Empyema  following  pneumonia  shows  cocci  and 
polymorphonnclear  leucoeytoais,  and  ia  likely  to  contain  large 
clumps  of  fibrin.     Leacin  and  tyrosin  are  often  present  in  old 


Pus  serum  contains  serin,  globulin,  albumose,  albuminoids 
and  many  ferments,  particularly  oxidase.  Chylous  fluid  owes 
its  opalescence  to  fine  albuminous  granules.  It  is  not  cleared  on 
adding  NaHO  and  shaking  with  ether. 


The  fluid  from  uterine  cysts  differs  from  amniotic  liquid 
in  containing  more  albumin  and  but  a  trace  of  ureo.  This  dis- 
tinction ia  o(  some  importance  as  regards  watery  discharges  from 
the  uterus  during  pregnancy. 

False  membranee  consist  of  a  fibrinous  exudation  with  coagii- 
I  at  ion-necrosis  of  the  underlying  mucous  membrane.  They  may 
undergo  granular  or  hyaline  degeneration,  or  may  become  organ- 
ized and  later  Bclerotic  or  even  calcareous.  The  ningous  granules 
of  actinomyccB  are  small,  gritty,  chalky  particles,  often  with  fnt- 
grannle  corpuscles. 

ANIMAL   FUNCTIONS. 

All  the  phenomena  of  the  lining  body  are  eaiised,  directly 
or  indirectly,  by  chemic  changes.  Every  pulse,  every  breath, 
action,  and  thought  involves  intricate  reactions,  whieh  arc  more 
or  less  imperfectly  understood.  Most  chemic  reactions  take  place 
within  the  cells. 


PHYSIOLOGIC  AND  PATHOLOGIC  CHEMISTRY. 


DIGESTION. 

The  process  of  digestion  consiate  essentiaUy  of  hydrolysiB: 
I.C.J  the  taking  up  of  water  hy  food-products  and  their  breaking 
down  into  simpler  molecules  capable  of  diffusion.  The  end- 
product  of  amylolytic  digestion  ia  dextrose;  of  proteolytic,  pep- 
ton,  or  amido-acids.  Fata  are  simply  saponified  and  emulsified. 
The  mixed  acid  products  of  digestion  in  the  stomach  are  termed 
chyme.  The  term  dyspepsia  is  properly  applied  to  stomachic 
indigestion;  dystrypBia,  to  intestinal  indigestion.  The  etomach 
itself  is  not  digested  during  life,  probably  because  of  the  pres- 
ence of  anti-ferments  in  its  walls,  in  much  the  same  way  as  the 
addition  of  the  juice  of  ascarides  to  fibrin  prevents  its  being 
digested  by  pepsin  or  trypsin. 

A  small  quantity  of  indigestible  residue  ia  of  service  in 
retaining  food  in  the  stomach  by  reflex  pyloric  contraction;  fats 
and  acids  have  the  same  effect.  A  liquid  diet  tends  to  pass  at 
once  from  the  stomach  into  the  intestines.  The  unabsorbed  resi- 
due in  the  intestines  stimulates  peristalsis  and  so  regulates  the 
conduct  of  the  bowels.  Free  acid  in  the  antrum  relaxes  the  tonic 
pylorus,  whereas  excess  of  acid  in, the  duodenum  causes  the  py- 
lorus to  contract.  At  least  300  c.c.  of  CO2  is  formed  after  each 
meal  (Benedict)  by  the  reaction  between  the  gastric  and  pan- 
creatic juices;  this  gas  serves  as  an  important  stimulus  to  intes- 
tinal peristalsis. 

The  continued  addition  of  sodium  bicarbonate  to  the  food 
markedly  depresses  the  secretory  action  of  the  pancreas.  NaCI, 
also,  according  to  Pawlow,  is  inhibitory  to  secretion,  but  may  act 
favorably  in  acute  catarrhal  conditions  of  the  stomach,  by  re- 
straining glandular  overaction.  Simple  bitters  stimulate  appe- 
tite and  so  aid  digestion  by  the  psychic  contrast  of  pleasant  foods. 
A  slightly  acid  reaction  of  the  food  reacts  favorably  on  appetite 
and  digestion.  Mild  alcoholic  drinks  at  meats  may  be  of  service, 
through  their  narcotic  effect,  iti  distracting  the  mind  from  daily 
toil  and  troubles.  Eating  sparingly  often  cures  dyspepsia  by 
preventing  the  overfiUing  of  a  weakened  stomach,  and  by  calling 
out  the  appetite  juice  in  full  strength  when  the  sensory  surface 
of  the  stomach  is  unable  to  fulfil!  its  function.  Broths  and  con- 
diments serve  a  useful  purpose  by  enhancing  appetite,  hut  should 
not  be  abused.  Sweets  at  the  close  of  a  repast  favor  eupepsia  and 
eutrjpsia  through  their  pleasant  effect  on  the  gustatory  nerves. 
Milk  is  particularly  available  for  sedentary  brainworkers,  since 
it  is  a  direct  excitant  of  gastric  and  pancreatic  secretion,  and 
neither  requires  nor  awakes  the  psychic  juice.  Moreover,  as 
shown  by  the  nitrogen  output,  only  one-fourth  or  one-third  as 
much  energy  as  for  bread  is  expended  in  the  gland  metabolism 
of  digestion.  Much  water  in  the  system  greatly  aids  the  func- 
tion of  the  gastric  glands.  Tea,  coffee,  and  alcoholics  inhibit  the 
action  of  pepsin.    Sterilized  foods  are  liable  to  cause  scurvy;  the 
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Iieat  employed  breaks  down  organic  combinations  of  potassium 
and  other  metalB,  rendering  them  less  assimilable.  Canned  and 
salt  or  amoked  meats  may  also  lead  to  scurvy,  partly  because  of 
the  toxic  effect  of  the  contained  ptoniains  on  the  blood-cells. 

A  piece  of  well-masticated  bread  is  changed  by  the  ptyalin 
of  the  saliva  into  amylo-  (ainidulin,  soluble  starch),  erytho- 
achroii-.  nnd  malto-  dextrin,  and  partly  into  isomaltose  and  mal- 
tose. The  amylolytic  action  of  the  saliva  continues  in  the  pyloric 
portion  of  the  stomach  for  about  a  half-hour  after  the  food  is 
Bwallowed,  or  until  the  acid  gastric  juice  permeates  the  whole 
mass — for  two  hours  or  more  at  the  fundus.  The  conversion  of 
starclies  into  maltose  is  completed  by  the  amylopsin  of  the  pan- 
creatic ]uice,  which  is  by  far  the  most  active  digestive  secretion 
in  the  body.  The  maltose  and  any  cane-sugar  or  lactose  which 
may  have  been  present  in  the  bread  are  inverted  by  the  invertaae 
{maltase  or  lactase)  of  the  intestinal  juice.  Hot,  fresh  bread 
and  biscuits,  when  taken  into  the  stomach,  form  a  close,  sticky 
mass  like  putty,  which  is  very  difficult  for  the  digestive  juices 
to  penetrate.  Cellulose  is  partly  converted  by  bacteria  into  CH4 
ana  acetic  and  butyric  acids,  the  last  two  being  utilized  by  the 
body.  The  butter  on  the  bread  is  not  affected  by  saliva,  but  is 
liquefied  by  gastric  juice,  which  seems  to  break  down  the  mem- 
branes of  the  fat-drops,  causing  them  to  run  together.  In  the 
duodenum  it  is  acted  on  by  both  the  bile  and  the  pancreatic 
juice.  The  lipase  or  steapsin  of  the  latter  cleaves  oils  and  fats 
inio  glycerin  and  fatty  acids.  These  latter  form  a  little  soap 
with  NaaCOs,  and  tlie  soap  emulsifies  the  remaining  fats.  The 
action  of  the  bile  is  similar.  The  emulsified  fluid  becomes  acid 
in  reaction  after  one  or  two  hours. 
C3H5(C,bHsb02)3  +  3HaO  =  C8H5(0H)s  +  3HC18H35O3 

A  piece  of  meat  or  an  egg  is  first  changed  to  syntonin  by 
the  gastric  HCl  (meat  and  meat  products  take  up  from  5  to  15 
per  cent,  of  their  own  weight  of  the  acid),  then  to  primary  albu- 
moses  (proto-,  hetero-,  eluco-),  secondary  albumoaes  (deutero-), 
peptons  and  polypcptids  (bodies  not  giving  biuret  reaction). 
Peptic  activity  may  be  inhibited  by  excess  of  HCl. 

Fibrin  swells  up,  becomes  transparent,  and  is  corroded  by 
the  gastric  juice;  by  trypsin  it  is  first  changed  to  globulin.  The 
connective  tissue  of  flesh  foods  is  first  attacked  and  peptonized 
by  the  gastric  juice.  The  nuclei  of  meat  cells  are  digested  only 
by  the  pancreatic  juice.  Collagen  is  first  changed  to  gelatin, 
then  to  acid  albumin,  protoalbumose.  deuteroalbumose,  and  gela- 
tin pepton.  Elastin  ia  changed  only  to  protoalbumose.  Gluten 
(sometimes  used  as  capsules)   is  not  dissolved  in  the  stomach. 

Myosins  and  globulins  become  myosinoses  and  globulinosee, 
and  then  peptons.  Nucleoproteids  leave  a  residue  of  nuclein, 
called  dyspepton  in  the  ca«e  of  fibrin.  Keratin  is  altogether 
indigestible. 
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Recent  researches  appear  to  show  that  antipeptons  and  am- 
phopeptons  do  not  exist  as  definite  bodies,  and  that  all  digestible 
proteins  are  broken  down  and  absorbed  as  simple  crystalline  end- 
products,  or  peptoids,  such  as  the  monoamido-acids  (leucin, 
glycocoll,  alanin;  aspartic,  glutaminic,  and  amidovaleric  acids), 
diamido-acids  (lysin,  arginin,  histidin),  aromatic  amido-acids 
(tyrosin,  phenylalanin ) ,  and  the  thion  body  cystin — and  that  the 
various  tissue-substances  are  formed  synthetically  from  these 
comparatively  simple  compounds.  Pawlow  has  demonstrated 
that  the  presence  of  the  succus  entericus  is  necessary  to  solution 
of  albumin  by  pancreatic  juice.  Eukinase  (enterokinase)  acts 
as  an  amboceptor,  binding  the  trypsin  to  the  protein  food. 

Milk  undergoes  similar  digestive  changes  to  the  three  men- 
tioned above,  with  the  addition  of  a  curdling  process  due  to 
chymosin,  owing  to  which  it  is  retained  longer  in  the  stomach 
for  digestion.  The  casein-jelly  (tyrein)  thus  formed  encloses  the 
fat,  and  a  soluble  protein  ("whey-proteid")  similar  to  an  albu- 
mose  is  split  off  from  the  paracasein.  A  clear  fluid  (whey) 
exudes  from  the  curds;  it  contains  albumin,  globulin,  and  lac- 
tose. Paracasein  itself  is  decomposed  into  paranuclein  and  the 
albuminous  pairling.  Milk  is  separated  (Hammarsten)  by 
rennin  into  paracasein  (an  acid)  and  other  albuminous  sub- 
stances, uniting  with  Ca  to  form  an  insoluble  salt.  Rennin  (or 
an  accompanying  enzyme)  ppts.  albumose-peptons.  According 
to  Pawlow,  chymosin  and  pepsin  are  one  and  the  same. 

Experiment. — Digest  in  three  porcelain  dishes  by  means  of  (1) 
pepsin  and  (2  and  3)  pancreatin,  a  small  disk  of  egg-albumin,  a  dram 
of  hydrated  (boiled)  starch,  and  a  few  c.c.  of  cod-liver  oil.  Test  con- 
tents of  first  dish  frequently  for  the  digestive  products  syntonin,  albu- 
mose  and  pepton;  of  the  second  for  dextrins,  maltose  and  dextrose,  and 
note  rapid  saponification  and  emulsification  of  oil.  The  pepsin  dish  is 
best  kept  in  a  thermostat  at  38"  to  40**  for  two  hours  or  more.  The 
amylolytic  process  can  be  finished  at  about  the  body-temperature  in  less 
than  a  half  hour.    Take  care  not  to  heat  much  above  this  point. 

Intestinal  bacteria  aid  slightly  in  digestion,  especially  the 
liquefying  ones,  but  their  chief  action  consists  in  the  production 
of  skatol,  indol,  phenol,  cresol,  NH3,  H2S,  leucin,  tyrosin, 
aspartic  acids,  and  tryptophan  from  proteins  (glycocoll  from 
glutin)  ;  lactic  and  butyric  acids  from  starches  and  sugars;  fatty 
acids  from  fats,  and  CH4  and  CO2  from  cellulose.  The  chief 
fermentation  products  in  the  stomach  are  alcohol  and  lactic, 
acetic,  and  butyric  acids.  Bacterial  action  is  more  marked  in 
the  large  (less  peristalsis)  than  in  the  small  intestine,  and  is 
increased  by  deficiency  of  HCl.  Cellulose  is  not  transformable 
without  the  intervention  of  microbes  (symbiotic  action).  These 
germs  are  mostly  insusceptible  of  cultivation.  If  the  alimentary 
tract  is  placed  in  cone.  HgClo  solution  after  death,  it  will  turn 
green  (bilirubin)  above  the  ileocecal  valve,  and  red  (hydrobili- 
rubin — from  putrefaction)  below  this  valve. 
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Salilt'i  Teit  loT  Piotetd  Slgeitlon  In  ttie  Inteitlnei. — Give  patient 
a  gelatin  capsule  previously  hardened  in  lormaliD  {beiK^e  almoBt  unaf- 
fected b.v  the  gastric  secretion)  and  filled  with  iodoForm.  The  iodin 
reaction  should  be  obtained  in  the  urine  or  ealiva  in  from  4  to  8  houra. 
Abftenee  or  delay  □(  reaction,  with  normal  mnbilitj'  of  the  stomach. 
inilicateB  impairment  of  pancreatic  digestioD.  Normal!}'  85  to  BO  per 
cent,  of  meat  protein  is  digested;  75  per  cent,  of  vegetable  protein;  9S 
per  cent,  of  fatsi  carbohydrates  generally  completely  digeatcd,  except 
cellulose. 

ABSoa?Tioir. 

Tlie  process  of  absorption  (IcppndB  on  oBmosU  and  diffusion 
and  on  a  special  selective  imbibition  by  the  cells  of  the  alimen- 
tary mucous  membrane.  A  solution  of  low  surface  tension  will 
osmose  through  a  membrane  into  a  solution  of  higher  surface 
tension.  SubstancM  absorbed  from  the  Btomach  generally  do 
not  give  the  biuret  reaction. 

Alcohol,  sugar,  dextrin,  and  many  crystalloid  medicines  are 
absorbed  to  some  extent  from  the  mouth,  stomach,  and  rectum, 
but  the  small  intestine  is  the  chief  route  of  entrance  for  alimen- 
tary products.  Water  is  not  absorbed  from  the  stomach  to  the 
extent  of  more  than  10  per  cent.,  nor  by  the  lymphatics,  unless 
in  excess.  In  the  larjre  intestine  calcium  phosphate  and  other 
salts  are  absorbed  along  with  considerable  protein  (10  per  cent.) 
and  much  water.  Absorption  increases  with  concentration  (up 
to  20  per  cent.)  in  the  stomach,  but  diminishes  with  concen- 
tration in  the  inteS'tines.  Absorption  is  aided  by  intra  intestinal 
pressure  and  by  the  drawing  power  of  the  capillary  blood-stream. 

Proteins  are  absorbed  into  the  blood  (and  lymph)  as  dif- 
fusible aniphopeptons,  albumoses,  and  amido-acids,  which  are 
dehydrated  and  regenerated  (polymerized)  by  the  gastric  and 
the  intestinal  mucous  membrane  into  the  colloid  scrum-albumin 
and  globulins  of  the  blood.  If  a  foreign  albumin  is  injected 
under  the  skin,  it  soon  appears  in  the  uiine,  with  which  it  is 
gradually  excreted.  The  direct  injection  into  the  blood  of  pro- 
teoses or  peptons  has  fl  toxic  efiect,  and  large  doges  may  produce 
coma  or  even  death. 

Carl)ohyd rates  are  taken  up  by  the  rootlets  of  the  portal 
vein  and  curried  to  the  liver  chiefly  as  dextrose;  but  maltose, 
levulose,  ami  lactose  may  also  reach  absorption  in  small  (juan- 
titles.  Maltose  is  mainly  changed  to  dextrose  during  absorption. 
The  glucose  is  stored  in  the  liver  as  glycogen,  and  is  given  off 
again  gradually  as  dextrose  to  the  muscles  and  other  tissues. 
Senility,  obesity,  toxins,  neurasthenia,  and  the  gouty  habit  all 
interfere  more  or  less  with  the  glycogenic  function  of  the  liver 
or  sugar  consumption  by  the  tis-iues,  and  may  lend  to  glycosuria 
or  diabetes  mellitus.  Experimental  nervous  lesions  (floor  of 
fourth  ventricle)  and  injuries  to  the  head  cause  a  sudden  expul- 
sion iif  glycogen  from  the  liver,  with  glycosuria.  The  most  con- 
stant organic  lesion  in  true  diabetes  is  pancreatic  disease.    The 
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ingeBtion  of  a  large  amount  of  eiigar  may  cause  temporary  ali- 
mentary glycosuria  from  inability  of  the  portal  vein  to  take  up 
all  the  sugar,  whereas  starch  has  no  such  effect.  Cane-sugar 
injected  directly  into  the  blood  cannot  be  utilized  by  the  tissues, 
and  pasBeB  out  unchanged  in  the  urine. 

Fata  are  absorbed  (up  to  300  gra.  daily)  by  the  lacteals 
almost  entirely  in  the  form  of  a  fine  emulsion  or  chyle.  Free 
fatty  acids,  glycerin,  and  soapa  appear  to  be  regenerated  into 
fats,  under  normal  conditiona,  by  intracellular  lipafle.  The  gran- 
ules of  leucocj'tea  appear  to  take  up  fat  in  a  soluble  form  and 
synthetize  it  into  neutral  fat.  Fats  witii  low  m.p.  and  free  fats 
(butter,  lard)  are  better  absorbed  than  those  surrounded  by  con- 
nective tissue  (ham). 

The  bile  greatly  aids  the  absorption  of  fats  by  its  lubricating 
action  on  the  mucous  membrane  and  by  dissolving  fatty  acids 
and  glycerin.  Hence  in  liver  disease  there  is  much  waste  of 
fat  in  the  stools.  In  disease  of  the  pancreas  fat  absorption 
ceases,  except  in  the  case  of  milk  (about  half  in  total  destruc- 
tion), a  natural  emulsion.  The  digestion  and  absorption  of  pro- 
teins and  carbohydrates  are  also  greatly  impaired. 

The  average  absorption  from  a  mixed  meal  during  health 
(Atwater)  is  92  per  cent,  proteins,  95  per  cent,  fats,  97  per  cent, 
carbohydrates.  Recent  investigations  appear  to  prove  that  the 
leucocytes  are  the  active  agents  in  absorbing  the  salts  of  the 
heavy  metals.  Hg  is  taken  into  the  blood  as  an  oxyalbuminate. 
The  normal  average  absorption  of  Fe  in  the  food  is  not  more 
than  10  mg.  daily. 

Highly  crystalline  substances  (KI,  LiCI)  are  absorbed  within 
five  to  fifteen  minutes  after  their  administration  by  the  mouth. 
Others — salol  and  keratin-coated  pills,  for  example — are  not 
acted  on  by  the  gastric  juice  and  are  not  absorbed  from  the 
intestine  and  fonnd  present  in  the  urine  for  two  hours  or  longer. 
The  gastric  HCl  appears  to  hinder  esosmosis.  Strychnin  solu- 
tions and  opiates  are  absorbed  more  quickly  from  the  rectum  tlian 
from  the  stomach.  During  the  passage  of  the  contents  through 
the  large  intestine — a  period  of/  twelve  to  twenty-four  hours — 
much  water  and  some  nutrimeny  are  absorbed  from  them. 

Rectal  enemas  are  digestjra  probably  by  pancreatic  ferments 
passing  through  the  bowel,  and  by  the  succus  entericus.  Egg- 
albumin,  fats,  and  milk  can  be  absorbed  (best  with  a  little  salt) 
without  being  digested.  Olive-oil  (one  ounce  two  or  three  times 
a  day)  is  the  only  food-substance  which  can  be  injected  under 
the  skin  without  inflicting  injury. 

Any  substance  to  be  absorbed,  generally  speaking,  must  b& 
in  the  liquid  or  gaseous  state,  but  finely  divided  charcoal,  taken 
internally,  has  been .  found  in  the  mesenteric  veins.  The 
rate  of  absorption  varies  inversely  with  the  density  of  solu- 
tion. Concentrated  saline  solutions  cause  more  effusion  from 
the  blood-vessels  than  absorption  into  these;  hence  such  hydragog 
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purgatives  as  Ep&om  salts  should  be  given  in  a  minimum  of 
water  to  get  the  beat  effects. 

Absorption  is  aided  by  low  blood-preesure,  and  the  saline 
iniusions  injected  into  the  rectum  or  eubcutaneously  in  cases 
of  shock  or  hemorrhage  are  drunk  up  greedily  by  the  vessels. 
Obviously  the  more  rapid  the  circulation,  the  more  quickly  ab- 
sorption proceeds.  Absorption  from  the  stomach  is  facilitated 
by  the  use  of  condiments  and  alcoholic  solution  or  glycerin. 
Medicines  administered  hypodermically  are  taken  into  the  cir- 
culation very  quickly  unless  the  tissues  are  waterlogged.  Ab- 
sorption through  the  unabraded  skin  seldom  takes  place  unless 
rubbing  is  employed,  as  in  mercurial  inunctions.  The  absorption 
of  poisonous  gases  (HCN)  through  the  lungs  is  the  most  rapid 
cause  of  death. 

METABOLISM. 

The  anabolic  or  constructive  chemic  procesaes  of  assimila- 
tion by  which  the  end-products  of  digestion  become  bone  and 
flesh  and  gland  and  nerve  still  possess  more  of  mystery  than 
of  knowledge.  From  the  transuded  blood,  or  lymph,  the  parent 
fluid  or  soil,  each  differentiated  protoplasmic  portion  of  the 
organism  takes  those  elements  which  are  needed  for  its  sus- 
tenance and  structure,  generally  a  loose  and  unstable  combina- 
tion of  specially  modified  proteins,  with  inorganic  salts.  It  is 
a  curious  fact  that  each  of  the  circulating  proteins  shows  minor 
differences  when  the  blood  is  taken  from  different  parts  of  the 
body.  Catabolism  includes  oxidation  and  hydrolysis;  auabo- 
iism,  dehydrolysis. 

Anabolic  processes  predominate  during  growth  and  con- 
ralescence;  catabolic,  in  old  age  and  cacheiias.  The  final  prod- 
nets  of  catabolism  (catabolites)  are  excreted.  Atwater  has 
shown  that  there  is  no  more  metabolism  with  severe  mental  labor 
than  with  the  most  complete  rest  possible.  The  proteid  molecule 
appears  to  consist  of  groups  of  banded  amino-fatty  acids.  Hy- 
drolytic  cleavage  must  precede  oxidation  in  the  cellular  fluids. 
The  taking  of  food  stimulates  proteid  metabolism,  particularly 
in  the  muscles.  The  leucocytes  are  active  in  hastening  the 
destruction  of  the  more  compie.t  products  of  tissue  waste. 

It  is  thought  that  nutrients  are  changed  in  the  body  into 
(1)  auto-oxidizable  (reducing  and  easily  oxidized)  and  (2) 
dysoxidizable  (indifferent  to  molecular  0)  substances.  The  first 
kind  are  directly  oxidized,  causing  the  formation  of  atomic  0, 
which  attacks  the  products  of  the  second  class.  By  repeated 
cleavage  and  hydrolysis,  energy  results  and  waste  substances 
are  formed.  0  is  even  more  important  in  the  constructive  (oxy- 
genation) than  in  the  destructive  (oxidation)  phases  of  metabo- 
lism, and  oxidases  may  t»ke  part  in  this  building  of  0  into  the 
living  molecules. 
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The  reversible  action  of  the  body  enzjones  doubtless  plays 
a  very  important  part  in  metabolism,  by  establishing  a  chemic 
equilibrium  between  the  fermented  substance  and  the  products 
of  its  fermentation.  Thus,  fat  is  digested  by  steapsin  in  the 
intestine  only  when  the  resulting  glycerin  and  fatty  acids  are 
removed  about  as  fast  as  formed.  In  the  tissue  fluids,  on  the 
other  hand,  the  dissociation  products  are  in  excess,  the  enzyme 
activity  is  reversed,  and  fat  is  deposited.  During  starvation  the 
lipase  acts  directly,  as  during  digestion,  on  the  fat  deposits  of 
the  body,  and  the  fatty  acids  and  glycerin  of  the  cells  diffuse 
into  the  blood.  The  liver  seems  to  be  concerned  with  catabolisra 
of  the  body  fat.  Retinin,  trypsin,  diastase,  and  other  enzymes 
excite  the  formation  of  antibodies.  Antibodies  in  turn,  when 
injected  in  an  active  state  into  new  animals,  bring  about  the 
formation  of  still  other  antibodies. 

Lymphatic  glands  are  of  great  service  in  the  absorption  and 
resorption  of  fat  by  means  of  the  lipase  which  they  secrete,  and 
which  has  both  an  analytic  and  a  synthetic  action.  Through 
this  double  ferment  action  the  mesenteric  glands  in  particular 
oppose  inanition  when  alimentation  is  insufficient,  and  store  up 
fat  when  alimentation  is  superabundant.  They  are  functionally 
deranged  by  infections,  which  accounts  for  the  prolonged  emacia- 
tion following  infantile  diarrhea. 

Protein  foods  and  salts  are  absolutely  necessary  for  tissue- 
building.  To  maintain  nitrogenous  equilibrium,  the  smallest 
daily  quantity  of  absorbed  protein  required  is  0.6  gm.  per  kg. 
of  body-weight.  Destruction  of  body-proteids  is  not  influenced 
by  atmospheric  temperature,  but  is  increased  by  fevers,  and 
slightly  by  muscular  work.  In  the  digestion  of  proteins  NH3 
is  formed  directly,  the  blood  passing  from  the  intestine  to  the 
liver  containing  two  or  three  times  as  much  of  this  compound 
as  does  the  blood  of  the  hepatic  vein.  Nitrogen  in  feces  usually 
does  not  exceed  0.5  gm.  in  twenty-four  hours.  There  is  N  reten- 
tion between  acute  attacks  of  gout,  with  great  loss  of  N  in  the 
feces  during  the  paroxysms. 

Carbohydrates  are  essentially  producers  of  energy  and  heat. 
They  can  be  fonned  from  fats  or  proteins.  The  body-fat  is 
derived  from  carbohydrates;  to  a  minor  degree  from  other  fats 
and  proteins  (lack  of  oxygen).  It  is  always  a  metabolic  product 
(fatty  degeneration).  The  adipose  tissues  serve  chemically  as 
potential  reservoirs  of  heat.  They  are  rapidly  used  up  by  mus- 
cular work,  producing  IIoO  and  CO2.  Carbohydrates  spare  the 
tissues  more  than  do  ingested  fats. 

The  oxidation  of  these  complex  molecules,  chiefly  in  the 
tissues  (perhaps  some  fuel  foods,  such  as  fat,  alcohol,  and  glu- 
cose, arc  partly  burned  in  the  capillaries),  gives  rise  to  animal 
heat  and  mechanic  energy  as  results,  and  as  products  the  simple 
and  more  stable  compounds,  such  as  CO2,  HoO,  NHg,  and  urea. 
In  other  words,  potential  energy  becomes  kinetic  through  the 
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agency  of  protoplaera.  with  tatabolic  or  deBtructive  phet 
Tissue  or  bioplasm  proteid  is  supposed  to  break  down  at  the 
rate  of  about  1  per  cent,  per  diem.  An  acid  reaction  quickly 
destroys  the  irritability  of  bioplasm.  Inorganic  salts  and  NHs 
normally  neutralize  the  acids  formed  by  metabolism. 

These  two  opposite  processes  of  anabolism  and  catabolism 
go  on  conEtantly  and  almost  Bimnltaneouely,  and  the  life  of  the 
cell  depends  on  the  intramolecular  atomic  movements.  Accord- 
ing to  Pfliiger.  in  the  living  molecule  N  exists  in  the  form  of 
an  unstable  CN  compound,  which  has  the  power  to  convert 
dead  to  living  labile  proteid  by  a  process  similar  to  polymeriza- 
tion or  condensation,  Catabolism,  or  the  breaking  down  of 
living  labile  proteids,  has  been  Jikened  to  putrefaction,  with  the 
evolution  of  N,  H,  and  C,  which  combine  with  0  and  with  each 
other  to  form  the  simple  end-products  NHg,  HaO,  and  C02- 
Living  protoplasm  is  believed  to  consist  of  "larger,  secondary 
units"  (physic  or  physiologic  molecules,  somacules),  "each  of 
which  is  a  definite  aggregation  of  chemic  molecules,  and  pos- 
sesses certain  properties  or  reactions  that  depend  upon  the  mode 
of  arrangement."  Thes*  somacules  are  suspended  in  a  saline, 
alkaline,  electrolytic  fluid,  and  the  protoplasm  can  be  changed 
throxigh  gellation  from  the  state  of  a  hydrosol  to  that  of  hydrogel 
by  heat,  acids,  electricity,  or  the  abstraction  of  water. 

Electrolytes  and  non-electrolytes  stimulate  a  nerve  by  with- 
drawal of  water,  setting  up  a  definite  change  in  the  colloids  of 
the  nerve,  rendering  the  protoplasmic  hydrosol  unstable;  also 
by  the  electric  condition  of  the  solution.  The  recent  researches 
of  Ivoeb  and  Mathews  point  to  the  proposition  that  what  we  know 
as  life  is  in  the  main  an  electrochemic  phenomenon  due  to  the 
gellation  of  protoplasm  and  the  liberation  of  free-moving  ions 
of  different  valences,  the  cations  being  inhibitory,  the  anions 
stimulating  in  their  physiologic  effects.  "Life"  appears  to  be 
merely  a  convenient  name  for  a  series  of  physicochemic  proc- 
esses, which  avowedly  differ  much  in  complexity  from  "inorganic" 
phenomena,  but  which  have  never  yet  been  shown  to  differ  from 
them  in  kind. 

Esperimeut. — Add  a  little  indigo-blue  to  a  canetugnr  solution. 
The  indigo  U  reduced  by  the  sugar  and  loBes  its  color  (indip><white). 
On  shaking  with  free  access  of  air  the  color  is  restored. 

Mupcular  energy  is  accompanied  by  increased  oxidation  of 
fats  and  carbohyd rates  (glycogen),  with  no  appreciable  increase 
in  proteid  metabolit^m  if  the  food-supply  is  sufficient.  In  muscles 
at  rest  much  more  0  is  taken  up  than  CO2  set  free;  the  reverse 
obtains  in  working  muscles. 

The  amount  of  CO2  eliminated  during  ordinary  muscular 
work  is  nearly  double  that  while  resting.  Glycogen  and  the 
circulating  glucose  diminish  or  disappear  from  the  active  mus- 
cle, lactic  acid  being  found.    A  rapid  breaking  down  of  assimi- 
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lated  food  causes  fatigue,  partly  from  the  enauing  deficiency  of 
fuel-food,  but  chiefly  because  of  the  exceasive  accumuktion  of 
irritant  waate- products. 

Pour-fiftha  of  the  energy  liberated  by  chemic  changes  dur- 
ing muscular  contractions  appear  as  animial  heat,  and  the 
remaining  fifth  of  mechanic  energy  in  the  case  of  the  cardiac 
and  respiratory  muscles  is  also  converted  into  heat.  The  glands, 
particularly  the  fiver,  generate  considerable  heat,  and  the  brain 
and  nerves  and  alimentary  canal  liberate  no  small  amount  when 
in  action.  Animal  heat  depends  primarily  on  the  oxidation  of 
fats,  carbohydrates,  and  proteins  in  the  capillaries  (slightly, 
especially  the  pulmonary)  and  the  tissues,  with  formation  of 
CO2,  H2O,  NH3,  urea,  etc.,  in  a  somewhat  analogous  manner 
to  the  production  of  smoke,  steam,  and  ashes  by  the  engine. 

About  2500  calories  are  liberated  during  a  day  of  repose. 
If  the  body-heat  were  all  retained  for  twenty-four  hours  (Bru- 
baker),  the  temperature  would  be  raised  18°  or  20°;  2.8  per 
cent,  of  heat  is  lost  in  wanning  food  and  drink,  3.8  per  cent,  in 
warming  inspired  air,  9.4  per  cent,  in  evaporating  water  from 
the'Iungs,  15.3  per  cent,  in  cooling  the  skin  by  evaporation,  and 
69  per  cent,  by  radiation  and  conduction  from  the  skin. 

In  fevers  the  cell-molecules  are  consumed  faster  than  they 
are  replaced,  and  body-wasting  results.  In  infections,  says 
Roger,  fever  probably  represents  a  reaction  of  the  organism 
against  the  hypothermic  action  of  the  microbes  and  their  toxins. 
Initial  chills  serve  as  a  rapid  method  of  producing  heat.  Per- 
spiration begins  when  the  hypothermizing  action  of  the  toxin 
ceases,  since  reaction  is  now  useless.  In  "cold  sweats"  tliaphore- 
ais  accompanies  vasoconstriction.  Crisis,  or  the  sudden  disap- 
pearance of  morbid  manifestations,  depends  on  a  sudden 
neutralization  of  microbic  poisons.  It  is  most  marked  in  dis- 
eases, as  pneumonia,  that  begin  suddenly,  and  is  accompanied  or 
followed  by  increased  excretion.  In  chronic  fevers  the  extractives 
due  to  defective  metabolism  are  the  active  agents.  The  autogenic 
poisons  are  augmented  in  infected  organisms  through  increased 
disassimilation  and  alimentary  putrefaction. 

One  of  the  gJobuHns  present  in  various  organs  and  tissues 
coagulates  at  45°  to  50°,  and  the  physicochemic  cause  of  death 
from  hyperpyrexia  is  ascribed  to  the  coagulation  of  this  cell- 
globulin.  Aibumoses,  peptons,  and  neurin  in  the  blood  excite 
fever.  The  temporary  increase  of  body-temperature  post  mor- 
tem is  due  to  change  of  myosinogen  into  myosin,  and  to  other 
chemic  changes.  It  is  most  marked  after  death  from  tetanus, 
typhoid,  cholera,  small-pox,  acute  rheumatism,  and  injuries  to 
the  brain. 

The  total  available  potential  energy  of  any  foodstuff  is 
readily  estimated  by  burning  a  certain  quantity  in  a  calorimeter, 
which  is  a  sort  of  furnace  surrounded  by  a  given  weight  of  water. 
From  the  rise  in  temperature  of  the  liquid  the  number  of  calories. 
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or  "combustion  equivalent,"  is  calculated.  In  the  case  of  pro- 
teins oxidation  is  not  Eo  complete  within  the  body  as  without, 
urea,  the  chief  product,  not  being  completely  bumeii.  The  com- 
buation  equivnlent  of  urea  is  2.523  calories.  One  gm.  of  proteid 
yields  about  %  gm.  urea;  hence,  to  get  the  average  available 
energy  of  protein  food  to  the  body  0.841  calories  must  be  de- 
ducted from  the  theoretic  equivalent:  thus,  5.778  —  0,841  = 
4.937.  The  equivalents  o(  fats  and  carbohydrates  are,  respect- 
ively, 9.313  and  4,116  calories. 


Deducting  waste,  the  net  value  in  calories  of  each  kind  of 
food  is  for  albumin  3.2;  fat,  8.4;  carbohydrates,  3.8.  One 
hundred  gm.  of  fat  are  isodynamic  with  227  gm.  of  protein  or 
carbohydrate.  According  to  von  Noorden,  the  body  during  total 
abstinence  bums  up  about  1  gm.  albumin  and  3.6  gm.  fat  per 
day  and  kilo  of  body-weight.  The  body  needs  daily  (Einhorn) 
for  each  kilo  about  3ii  to  40  calories  during  rest,  and  40  to  50 
during  hard  work. 

During  starvation  the  circulating  proteins  are  first  drawn 
upon,  then  the  hody-(at  (perhaps  reconverted  into  dextrose), 
and  then  the  muscles,  to  nourish  other  tisBues  and  maintain 
body-temperature.  Hence  the  loss  of  protein  is  greatest  during 
the  first  day  or  two  of  fasting.     A  person  fasting  completely 
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possesses  no  residual  carbohydrates  after  the  fifth  or  sixth  day. 
A  well-nourished  adult,  drinking  an  abundance  of  water,  can 
keep  alive  without  food  for  six  weeks  or  more  (without  food  and 
water,  for  seven  to  twelve  days),  while  a  delicate  child  would 
succumb  within  a  week.  Death  from  starvation  supervenes  with 
coma  and  delirium  after  the  body-weight  is  reduced  from  one- 
third  to  one-half. 

The  elective  affinity  of  the  ingredients  of  glandular  cells 
for  certain  waste-products  in  the  blood,  as  of  the  kidneys  for 
urea,  is  a  chemic  problem  still  unsolved.  Cell  nutrition  is  prob- 
ably allied  to  the  immunizing,  bactericidal,  hemolytic,  and  pre- 
cipitating functions  of  cells  and  sera. 

According  to  Ehrlich,  only  those  substances  can  be  chem- 
ically incorporated  with  the  protoplasm  (assimilation)  which 
possess  a  grouping  closely  related  to  some  constituent  of  the  cells, 
fitting  into  its  constitution  as  a  key  into  a  lock.  The  formation 
of  true  secretions  by  gland-cells,  as  HCl  and  pepsin,  must  de- 
pend, in  general,  upon  a  specialized  protoplasmic  metabolism. 
These  cells  in  giving  forth  their  secretion  products  seem  them- 
selves to  break  down  and  dissolve.  The  possible  uses  of  the 
waste-products  of  one  tissue  for  the  needs  of  another  is  exem- 
plified by  the  burning  of  sarcolactic  acid  to  form  uric  acid. 
Cells  have  many  latent  powers,  which  are  brought  into  action  by 
proper  stimuli. 

The  interstitial  circulation  of  lymph  from  which  the  factors 
of  metabolism  are  obtained  and  by  which  the  waste-products 
are  taken  up  to  be  excreted  is  maintained  normally  by  a  deli- 
cately adjusted  osmotic  and  diffusion  process.  The  diffusion 
of  soluble  constituents  takes  place  continuously  from  the  side 
of  greater  concentration  to  that  of  less  (out  of  or  into  the  capil- 
laries), and  is  not  dependent  on  the  osmotic  water-current; 
lymph  may  become  more  concentrated  even  than  plasma.  The 
blood-capillaries  are  more  penneable  to  urea  than  to  salt  or 
sugar:  a  fact  which  favors  the  excretion  of  the  former  com- 
pound. The  osmotic  pressure  of  serum  proteins  is  about  30  mm. 
m,the  capillaries  (only  10  mm.  in  the  lymph-vessels)  :  a  con- 
stant factor  in  promoting  resorption  from  the  tissues.  Lympha- 
gogs,  such  as  sugar,  extractives  and  neutral  salts,  increase  the 
osmotic  pressure  of  the  circulating  blood,  thereby  attracting 
water  from  the  lymph  and  tissues,  producing  hydremic  plethora, 
rise  of  capillary  pressure,  and  great  increase  in  transudation, 
and  hence  in  the  lymph-flow.  Intracapillary  blood-pressure  is 
ordinarily  30  to  50  mm.  Hg.  When  it  falls  below  20  mm.,  ab- 
sorption of  water  from  the  lymph-spaces  results. 

When  the  balance  is  broken  and  transudation  becomes  ex- 
cessive, we  have  the  condition  of  dropsy,  ascites,  or  anasarca. 
5  to  6  gm.  of  NaCl  are  held  in  the  system  to  retain  each  liter 
of  water  there  in  edema.     Dropsic  states  are  relieved  by  a  dry 


RESPIRATION. 


diet  find  by  diuresis  and  hydragogs,  all  of  which  promote  low 
blood-preBBure  with  increaBcd  oamosis  into  the  capillaries. 


BESPIKATION. 

The  respiratory  changes  effected  in  the  blood,  by  diffusioa 
and  cheraic  attraction,  are  briefly  a  gain  of  0  {7  per  cent)  and 
a  loM  of  CO2  (8  per  cent,).  The  latter  is  under  high  tension 
through  the  acid  action  of  the  red  corpuscles  and  serum- albumin 
on  NaHCOa ;  about  5  per  cent,  of  the  gas  is  in  simple  solution. 
The  0  is  taken  up  at  once  by  the  hemoglobin  (O.Sfi  volume  per 
cent,  free)  and  carried  to  the  tissues,  where  0  tension  is  nil  aud 
CO2  tension  high,  and  hence  internal  respiration  takes  place 
with  a  loss  of  0  and  a  gaiu  of  CO™,  The  0  is  probably  united 
with  the  protoplasm  in  a  somewhat  firmer  union  than  oxyhemo- 
globin. The  minimal  constant  of  dissociation  of  oxyhemoglobin 
is  Y30  to  Y\(,  atmosphere. 

The  0  pressure  is  less  by  over  20  per  cent,  in  the  alveoli 
than  in  the  nares.  This  tension  of  0  in  alveolar  air  is  about 
122  mm.;  the  tension  of  0  in  arterial  blood  is  29. C4  mm.;  in 
venous  blood,  32  mm.  The  alveolar  tension  of  CO2  at  sea-level 
is  38  mm.;  in  venous  blood,  41  mm.;  in  arterial  blood,  21.28 
mm.    The  muscles  have  the  greatest  avidity  for  0  of  any  tissues. 

The  volume  of  air  respired  at  each  respiratory  act  is  about 
600  cc,  equivalent  to  450  liters  per  hour  or  380  cubic  feet  jrer 
day.  One-sixth  of  the  air  in  the  lungs  is  renewed  at  each  ordi- 
nary respiration.  There  is  a  negative  pressure  in  the  air  chan- 
nels during  inspiration;  positive,  during  expiration.  The  air 
finds  its  way  into  the  alveoli  by  diffusion  and  by  the  pump-action 
of  the  heart. 

Expired  air  is  saturated  with  water  (20  to  40  gm.  per  hour) 
and  contains  traces  of  N,  NH3,  and  other  organic  effluvia,  which 
give  rise  to  the  bad  odor  of  ill -ventilated  sleeping- rooms.  Air 
at  body -temperature  absorbs  eight  times  as  much  H^O  as  at  the 
f,p.  of  the  latter.  Exhaled  air  contains  0,3  per  cent,  more  N 
on  account  of  absorption  from  the  bowels.  Inspired  air  contains 
nearly  21  per  cent,,  by  volume,  of  0  and  0.04  volume  of  CO2, 
Expired  air  contains  16  volumes  per  cent,  of  0  and  4.38  per  cent-, 
by  volume,  of  COj.  During  sleep  the  gaseous  exchange  is  dimin- 
ished by  one-fourth.  The  temperature  of  expired  air  is  raised 
to  36.3°,  and  the  actual  volume  of  air  is  diminislied  2  to  2^^ 
per  cent.,  when  allowance  is  made  for  the  expansion  (10  to  IS 
per  cent,)  caused  by  the  rise  in  temperature  to  nearly  that  of 
the  body.  The  "respiratory  quotient"  is  obtained  by  dividing  the 
quantity  of  0  inspired  (IVj  pounds  daily)  into  that  of  0  ex- 
pired as  CO2  in  the  same  period.  It  is  usually  about  0.9  (4.38-f- 
4.78),  but  varies  with  the  diet,  being  nearer  unity  with  hydro- 
carbons, and  down  to  0.75  with  fats  and  protein.s. 
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The  critic  temperature  for  an  animal  speciea  is  that  at  which 
the  gaseoua  exchange  and  resultant  heat  liberation  are  at  their 
minimum,  increasing  automatically  below  this  point. 

Cutaneous  respiration  in  man  is  of  minor  importance,  the 
ratio  with  pulmonary  respiration  of  0  ahsorbed  being  about  1 
to  100;  and  of  C02  eliminated,  1  to  200-500. 

Dyspnea  develops  when  inspired  air  contains  loss  than  13 
volumes  per  cent,  of  0,  and  is  also  caused  by  excess  of  CO2  in 
the  blood.  The  cyanosis  observed  in  asphyxia  from  deprivation 
of  air  is  due  to  the  nearly  complete  reduction  of  oxyhemoglobin. 

According  to  Dalton'a  law,  the  amount  of  a  gas  dissolved 
in  a  liquid  varies  directly  with  the  pressure  of  the  gas.  The 
proportion  of  0  in  the  blood  is  fairly  constant,  no  matter  what 
the  pressure,  because  of  its  occurrence  in  loose  chemic  combina- 
tion. 

The  hemorrhages  and  other  sj-mptoms  of  caisson  dieease  are 
attributable  largely  to  the  sudden  escape  from  the  blood  of  air 
(N,  especially)  which  has  been  forced  in  under  high  pressure. 


SHELL    AND   ODORS. 

Smeil  ia  the  subtlest  sense  of  all,  and  in  appropriate  in- 
stances is  of  greater  delicacy  than  spectroscopy,  Man's  sense  of 
smell  is  more  extended,  but  less  intense,  than  that  of  many  lower 
creatures.  Fatigue  from  overstimulation  by  one  odor  causes 
temporary  loss  of  perception  for  this  odor. 

The  mechanism  of  olfactory  stimulation  has  generally  been 
held  to  be  doe  to  fine  solid  particles  or  gaseous  exhalations  dis- 
solved in  the  mucus  in  the  upper  chamber  of  the  nose ;  hence  we 
sniff  to  perceive  a  scent  more  acutely.  When  the  Schneiderian 
mucous  membrane  is  dry,  the  sense  of  smell  is  lessened  or  lost, 
yet  odoriferous  substances  in  the  liquid  form  are  incapable  of 
giving  rise  to  odorous  sensations  (Kirkea).  Aitken  believes  that 
the  sense  of  smell  ia  excited  by  gases  given  out  from  substances, 
and  not  by  solid  particles;  sewage  does  not  communicate  motes 
to  the  atmosphere.  The  flavor  of  foods  depends  largely  upon 
their  odor,  and  when  the  nose  is  much  obstructed  apples  and 
onions  differ  little  as  to  taste.  Acrid  substances,  like  ammonia, 
mustard,  and  horseradish,  act  on  the  common  sensibility  of  the 
nose  and  eyes. 

Zwaardemaker  a  chemic  classification  of  odors  ia  as  follows : 
Ethereal  odors  {Rimmel'a  fruity  series),  from  esters;  aromatic 
odors,  from  terpenes,  camphors  and  the  spicy,  herbaceous,  rosa- 
ceous, and  almond  series,  having  as  chemic  tvpes  cineol,  eugenol, 
anethol,  geraniol,  piperonal  (heliotropin — from  oil  of  eampho- 
and  oil  of  sassafras),  and  benzaldehyd;  balsamic  odors,  includ- 
ing aldehyds  and  liimmel's  balsamic,  jaeraine  and  violet  series, 
with  the  chemic  tj-pes  terpineol,  vanillin  and  ionone   (violets; 
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from  a  ketone  in  orris  root;  resembles  oil  of  turpentine  in  com- 
position) ;  ambrosial  odors,  including  ambergris,  musk,  and  sex- 
ual odors  (semen,  pollen  of  grass) ;  valerianaceous  odors  (eapryl 
group),  composed  largely  o?  sexual  acenta  of  fatty  acid  combi- 
nations; alliaceous  odors  (onions,  garlic,  mustard,  horseradish, 
asafetida,  ichthyol)  and  cacodyl  group,  containing  S,  As,  Sb,  P, 
Se,  and  Te  compounds;  empyreumfttic  odors  (nidors)  developed 
on  burning  animal  (usually  offensive)  or  vegetable  (usually 
pleasant)  substancea;  narcotic  odors  (heavy  and  depressing),  in 
opium  (narcotin),  belladonna,  lobelia,  hemlock  (coniin),  to- 
bacco (nicotin),  anilin,  benzol,  and  more  volatile  products  of 
petroleum;  bacterial  (NHa,  H2S,  methyl  monamins  in  decom- 
posing fish,  etc.)  and  fungous  (sour  milk,  yeast,  fresh  earth), 
and  pungent  odors  (ozone,  NH3,  forraaldehyd,  SO2,  halogens, 
nitric  acid,  hydroacids  and  many  organic  acids,  and  their  salts 
when  moistened). 

Odors  are  often  due  to  impurities,  as  in  acetylene,  wood  al- 
cohol (tarry  matters),  sulphur  (SOn),  fats  and  fixed  oils  {should 
be  odorless,  except  lanolin  and  cacao  butter),  carbohydrates, 
gincosids,  amaroids,  coloring  principles,  and  proteiufi.  Illu- 
minating gas  owes  its  scent  mainly  to  ethylene  (sweet)  and  S 
compounds.  All  odors  are  reflexly  and  psycho  therapeutically 
stimulant. 

FOOD    AND   DIET. 

The  purpose  of  food  is  to  sustain  life;  to  produce  mus- 
cular, nervous,  and  glandular  energy  and  lieat;  to  promote 
growth,  and  to  prevent  the  too  rapid  destruction  of  the  organic 
constituents  of  the  body.  The  three  chief  classes  of  food  prin- 
ciples ore  proteins,  or  tissue-formers,  and  the  fuel  foods,  fata, 
and  carbohydrates,  both  of  which  are  chiefly  producers  of  heat 
and  energy,  but  muscular  energy  comes  from  all  three  classes. 
Proteins  are  also  the  source  of  the  digestive  fluids,  and  regulate 
oxidation  and  energy. 

According  to  Atwater,  1  gm.  protein  furnishes  the  body  4 
C;  1  gm.  fat,  8.9  C. ;  1  gm.  carbohydrates,  4  C,  The  human 
body  utilizes  as  dvnamie  energy  19.6  per  cent.  (Atwater)  of  tJie 
potential  energy  of  the  food  ingested.  A  Bteara-engine  can 
utilize  only  one-eighth  of  the  potential  energy  of  fuel.  The 
human  body  differs  from  other  machines  in  having  the  power  of 
8elf-Tenewal  and  self-adjustment. 

The  daily  quantity  of  calories  (heat,  energy,  and  tissue- 
repair)  required  to  keep  the  healthy  ndult  human  machine  in 
good  working  order  has  been  reckoned  at  from  2400  to  6000 
{average,  3500),  much  more  being  needed  when  at  hard  mus- 
cular labor  than  when  at  rest.  Such  calculations  are  based 
mainly  on  examination  of  the  excreta.  Thus,  1  gm.  N^6i4 
gm.  albumin  =  39.4  gm.  muscle  ^^2.143  gm.  urea.     Again,  a 
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man  weighing  150  pounds  gives  off  about  15  cubic  feet  of  CO2 
in  twenty-four  hours,  equivalent  to  2400  foot-tons  of  energy. 
Allowance  must  also  be  made  for  the  heat  or  energy  required  to 
keep  up  the  body-temperature. 

To  maintain  physiologic  equilibrium  an  adult  at  moderate 
labor  requires  35  calories  per  kg.  of  body-weight ;  a  young  infant 
at  least  twice  as  much.  The  skin  surface  of  a  child  is  relatively 
three  times  as  great  as  that  of  an  adult.  Chemic  regulation 
(absent  in  cold-blooded  animals)  prevents  an  abnormal  fall  in 
temperature;  physic  regulation  (radiation,  evaporation,  distri- 
bution of  blood)  prevents  abnormal  rise  of  temperature. 

It  is  possible  for  a  person  to  live  entirely  upon  proteins, 
but  not  upon  a  non-nitrogenous  diet  for  any  length  of  time. 
Nearly  all  foods  contain  more  or  less  proteins:  wheat,  14.6 
per  cent.;  barley,  12.8  per  cent.;  oats,  17  per  cent.  An  excess 
of  proteid  food  above  the  amount  needed  to  repair  tissue-waste 
is  burnt  up  into  urea  and  excreted  without  serving  any  useful 
end;  on  the  contrary,  it  overtaxes  the  liver  and  the  kidneys, 
causing  functional  (lithemia)  or  organic  disease  of  these  organs. 

Excess  of  protein  increases  heat  production  (secondary 
dynamic  action)  more  than  a  corresponding  excess  of  other  food- 
stuffs; hence  much  meat  is  contraindicated  in  hot  weather. 
When  proteids  are  insufficient,  water  accumulates  in  the  tissues. 
When  proteid  is  metabolized,  71.4  per  cent,  of  its  energy-con- 
tent is  available  for  cell  life,  while  28.6  per  cent.  (12.7  per  cent, 
fat;  5.8  per  cent,  sugar)  is  liberated  as  free  heat  in  early  cleav- 
age (Rubner) ;  62.5  per  cent,  of  the  energy  contained  in  meat 
proteid  may  be  liberated  as  dextrose  in  the  organism  and  be 
used  directly  by  the  cells  (Lusk). 

Excess  of  carbohydrates  is  stored  up  as  adipose  tissue. 
Fatty  foods,  it  will  be  noted,  yield  much  more  heat  than  do 
proteins  or  carbohydrates;  hence  in  winter  and  in  cold  regions 
people  desire  and  require  more  fats.  Abundant  fats  and  carbo- 
hydrates prevent  excessive  destruction  of  proteins  in  ordinary 
work. 

The  most  healthful  and  economic  diet  is  evidently  one  bo 
balanced  as  to  nitrogenous  and  non-nitrogenous  foods  that  there 
is  no  excess  or  lack  of  either.  The  proper  proportion  of  N  to 
C  has  been  estimated  to  be  about  1  to  15.  Parke  states  that  a 
workingman  needs  %  oz.  N  and  8  to  12  oz.  C  daily.  Another 
daily  diet  table  is  for  proteins  110  gm.  at  rest,  118  gm.  at  mod- 
erate labor,  l45  gm.  at  severe  work ;  fats,  50,  55,  and  100  gm., 
respectively,  and  carbohydrates,  450,  460,  and  600  gm.,  re- 
spectively. Vaughan  states  that  such  requirements  are  most 
cheaply  fulfilled  by  a  diet  of  bread,  codfish,  lard,  potatoes,  bacon, 
beans,  milk,  sugar,  and  tea.  In  making  a  diet  list,  as  Anders 
remarks,  it  may  prove  helpful  to  remember  that  100  gm.  meat 
represent  213  calories;  a  glass  of  milk  equals  128  calories;  an 
ordinary  slice  of  bread  (30  gm.)  furnishes  64  calories,  and  18 
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gm.  butter  yields  8  calories.  The  total  weight  of  food  per  diem 
for  an  average  adult  should  be  about  60  oz.  A  slightly  acid  reac- 
tion favors  gastric  secretion  and  digestion. 

The  proportion  of  N  to  C  in  proteins  is  about  2  to  7 ;  in 
albuminoids,  2  to  S^A.  In  fats  there  is  about  1  H  to  7  C, 
with  not  enough  0  to  bum  al!  of  the  H,  forming  water.  Carbo- 
hydrates have  just  enough  0  to  oxidize  the  H,  and  the  weight 
of  H  is  ^  or  ^  that  of  C.  Organic  acids  have  more  than 
enough  0  to  burn  the  H, 

If  a  person  were  to  live  upon  lean  beef  alone,  2  or  3  kgm. 
would  be  required  daily  to  get  enough  non-nitrogenoua  elements; 
and  of  potatoes  alone  (less  than  2  per  cent,  proteins),  8  kgm. 
would  be  needed  to  furnish  enough  N. 

Fntfi  and  carbohydrates  are  more  needed  by  the  young, 
who  seldom  get  fat  on  account  of  their  greater  activity.  Fate, 
carbohydrates,  and  aibuniinoids  save  the  tissues,  and  are  espe- 
cially indicated  in  chronic  febrile  diseases,  such  as  pulmonary 
tuberculosis. 

In  addition  to  the  three  classes  of  nutriment  above  men- 
tioned, water  and  salts  are  very  necessary.  Of  the  former,  three 
pints  Or  more  daily  should  be  drunk  by  the  average  adult  in 
addition  to  that  taken  in  solid  food  (50  to  CO  per  cent).  Pota- 
toes are  three-fourths  water;  watermelons,  94  per  cent. ;  cucum- 
bers, 516  per  cent.  A  lack  of  water  to  flush  the  sewera  of  the 
body  leads  to  constipation,  malassimilation,  melancholy,  and 
many  obscure  aches  and  pains.  Water  is  best  taken  mostly  be- 
tween meals,  so  as  not  to  dilute  unduly  the  digestive  juices.  A 
glass  of  ice-water  taken  at  a  meal  drives  the  blood  from  the 
stomach  and  delays  digestion  at  least  an  hour.  Hot  water 
escapes  from  the  stomach  much  more  rapidly  than  cold. 

Common  salt  is  the  essential  source  of  the  HCl  of  the  gas- 
tric juice,  and  since  functional  indigestion  consists  in  hypo- 
chlorhydria  in  three-fourths  of  all  cases,  many  dyspeptics  find 
much  relief  from  eating  largely  of  salted  meats,  salted  crackers, 
etc.,  though  the  primary  effect  of  ingested  NaCl  is  diminution 
of  HCl.  The  reason  why  man  and  the  herbivorie  require  salt 
added  to  their  food  is  explained  by  Bimge  as  due  to  the  K  salts 
uniting  with  the  NaCl  of  the  blood  to  form  KCl,  of  which  the 
excess  now  passes  out  of  the  system,  causing  thereby  a  loss  of 
NaCl  as  well.  Rice  contains  no  K  salts,  and  rice-eating  races 
require  no  salt,  Persons  with  defective  kidneys  should  greatly 
restrict  their  food-salt,  since  this  increases  hypertension  and 
edemas. 

Of  other  food-salte  the  phosphates  are  most  important, 
being  bone-,  brain-,  and  nerve-  formers.  Fish  is  richest  in 
phosphates,  particularly  salmon  (6  to  7  per  cent.).  Flake-barley 
contains  4.2  per  cent,;  otits,  3  per  cent.;  wheat,  I.G  per  cent. 
The  phoBphates  are  just  under  the  hard,  siliceous  coat  and  on 
the  surface  of  the  kerne).    Butcliers'  meat  contains  about  2  per 
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cent,  of  phosphates ;  ham,  iy2  per  cent.,  and  beans,  3  per  cent. 
Potaesiiim  phosphate  is  the  characteristic  conFtituent  of  cereal 
ash.  About  a  grain  of  iron  is  consumed  by  a  vigorous  person 
in  his  daily  food.  An  infant  requires  about  5  grains  of  lime 
daily ;  an  adult,  less.  Milk  contains  most  lime ;  next  come  eggs, 
then  cereals  (especially  rice),  radishes,  asparagus,  and  spinach. 
Animals  often  die  more  rapidly  when  the  salts  are  extracted  from 
the  food  (chronic  H2SO4  poisoning)  than  when  deprived  of  all 
food. 

ASIXAL  FOODS. 

These  are  generally  more  rapidly  and  completely  digested 
than  vegetable  foods.  Human  milk  is  the  ideal  food  for  in- 
fants. Cows'  milk  lacks  C  as  a  sole  article  of  diet  for  adults. 
It  is  usually  quite  fattening,  partly  because  of  its  ready  ab- 
sorbability and  partly  because  of  the  lactose  in  it.  It  predis- 
poaes  to  constipation,  because  there  is  liardly  any  residue  left 
from  digestion.  The  "bilious"  effect  of  milk  is  obviated  by 
adding  30  grains  of  common  salt  to  each  pint,  and  by  eating 
fruits.  Whey  and  junket  are  delicate  dishes  for  the  sick  and 
convalescent,  and  buttermilk  is  often  tolerated  when  rich  milk 
is  ill  home.  Condensed  milk  is  preserved  by  the  addition  of 
sugar,  and  while  it  fattens  infants  it  is  not  nearly  so  nourishing 
as  properly  diluted  fresh  dairy  milk.  Dried  milks  or  milk- 
powders  are  prepared  by  evaporating  milk  to  dryness  on  revolv- 
ing cylinders  heated  to  330"  F.  They  keep  well,  are  soluble  in 
water  and  more  digestible  than  ordinary  milk.  The  milk  of 
goats  and  asses  is  said  to  more  nearly  resemble  human  milk 
than  does  the  milk  of  the  cow,  but  the  difference  is  too  slight 
to  be  of  account.  Kefir  is  three  times  as  rich  in  albumin  as 
koumiss,  and  half  as  rich  in  alcohol  and  lactic  acid.  Matzoon 
is  thicker  than  koumiss,  and  does  not  contain  alcohol. 

The  milk  proteins  are  partly  decomposed  on  boiling,  with 
liberation  of  H2S.  Milk  that  is  pasteurized  (heated  30  minutes 
at  70°)  is  less  altered  than  when  boiled,  and  yet  nearly  all 
pathogenic  germs  have  been  destroyed.  Boiled  milk  requires 
two  hours  to  digest.  It  is  less  digestible  than  unboiled  milk, 
but  curdles  in  small  flocculi  instead  of  large  masses,  and  so  ifl 
more  thoroughly  exposed  to  the  action  of  the  gastric  juice. 

Milk  is  rendered  more  digestible  by  warming  with  HCI, 
5  or  10  m.  to  each  pint.     "Modified  milk"  for  infants  is  pre- 

Jiared  by  adding  separated  cream,  or  by  siphoning  away  the  lower 
ayer  after  standing  in  a  cool  place  for  three  hours.  Starches 
and  predigestcd  cereals  are  often  added  to  cows'  milk  to  pre- 
vent the  formation  of  tough  curds.  As  shown  by  the  output  of 
N,  only  14  Of  Va  as  much  functional  activity  is  required  of  the 
digestive  tract  for  milk  aa  for  bread.  Milk  keeps  sweet  longer 
in  Zn  vessels,  because  ot  neutralization  of  lactic  acid  by  the 
metal. 
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Cheese  contains  up  to  37  per  cent,  of  proteins  (chiefly 
casein)  and  up  to  30  per  cent,  of  milk-fat,  with  about  5  per 
cent,  each  of  sugar  and  salt.  It  is  highly  nutritious,  but  some- 
what indigestible  unless  very  thoroughly  masticated.  The  flavor 
of  cheese  is  partly  due  to  a  "ripening"  fermentation  (chiefly 
lactic)  by  acidophilic  germs,  and  partly  to  the  hreed  and  feed 
of  cows.  The  tints  of  rich  cheeses  depend  on  the  presence  of 
various  fungi.  The  practice  of  keeping  cheese  until  it  has  been 
"cured" — that  is,  putrid  from  butyric  acid  fermentation  (Hm- 
burger,  Roquefort) — is  in  contravention  to  all  hygienic  prin- 
ciples. 

In  digestibility  the  meat  of  fish  ranks  first  (trout,  1% 
hours),  that  of  birds  second  (turkey,  21^  hours),  mammals 
third  (roasted  beef,  3  hours;  mutton,  3Vi  hours;  veal,  4  hours; 
salt  beef,  4^4  hours;  roast  pork,  5*4  hours),  and  reptiles  fourth. 
The  flesh  of  young  animals  is  less  digestible  than  that  of  older. 
Meats  contain  from  25  to  50  per  cent,  of  fats  and  proteins. 
The  amount  of  water  varies  from  15  per  cent,  in  dried  bacon 
to  72  per  cent,  in  lean  beef  and  mutton.  The  proteins  of  meat 
are  more  completely  digested  than  those  of  milk  or  vegetables. 
One-third  the  nutrient  value  of  meat  is  lost  by  preserving  with 
Bait  (Liebig). 

The  rotting  of  game  until  it  Js  "high"  aids  digestibility  by 
the  corrosive  action  of  sarcolactic  acid  on  the  sarcolemma,  but 
it  is  a  dangerous  practice.  XTnconked  meat  is  liable  to  give  rise 
to  trichiniasis  or  a  tapeworm.  The  brown  color  of  well-done 
roast  beef  is  due  to  hematin.  The  peculiar  odor  and  flavor  of 
meats  depend  largely  on  creatin  and  oamazome  (developed  by 
heating),  Creatin  is  the  chief  ingredient  of  meat-extracts,  which 
are  stimulating,  but  not  nourishing,  and  are  excellent  media 
for  typhoid  bacilli.  They  aid  the  system  to  digest  and  utilize 
gelatin.  Meat-hroth  is  usually  acid,  from  the  lactic  acid  in  the 
meat.  Of  the  81  per  cent.  N  in  meat,  about  %  consists  of 
extractives  (beef  most).  Expressed  beef-juice  contains  from 
2  to  7  per  cent,  proteins  eoagulable  by  heat. 

The  so-called  peptonized  foods  consist  almost  entirely  of 
albumoses,  and  serve  a  useful  purpose  in  many  instances  of  mal- 
nutrition. If  artificial  proteolysis  is  carried  too  far,  the  prod- 
ucts become  bitter  from  some  unknown  substance. 

Eggs  contain  egg-albumin  and  vitellin,  ovomucoid,  a  ferro- 
nuclein,  the  common  fats  and  a  yellow  lutein  (lipochrome),  a 
little  dextrose,  lecithin  (11  per  cent.),  cholesterin,  and  chlorid 
and  phosphate  of  K  and  Ca.  Eggs  are  savory  and  digestible  and 
very  nutritious,  but  undergo  putrefaction  readily,  often  causing 
eructations  of  HgS  and  HgP.  According  to  the  observations 
of  Beaumont  on  St.  Martin,  raw  eggs  are  digested  in  1^  to  2 
hours;  hard-boiled  or  fried  in  3H  hours.  A  perfectly  fresh  egg 
appears  almost  transhicent  with  the  candle-test;  veiry  dark  or 
even  black  when  decayed. 
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Gelatin  (O.G  per  cent.  Cai  is  euilj  oiidizeii.  an-:  hri^^  i? 
a  ti--ij*--avfr.  tlioucrh  not  a  ti5eTi€^fonner.  Ir  ir  i'ir::..u!ir"v 
iisf-fiil  f«»r  younjr  children  and  invalids;  100  zm.  g>rlatir;  =;?•> 
trni.  jiIbiiTiiin.    The  "TKxlr'  of  beef  ?onr>?  :?  due  ro  ijeiatin. 

Animal  fats  are  more  ea?ilv  digest^  and  ah?.>rt:»^.i  :;:33 
vp^rr-tahlff  fat.«.  Fats  promote  the  flow  of  r.ii-e  and  pancr-rario 
}\\\<t\  hilt  if  in  excess  interfere  with  or  izihibir  the  gastrin  se»:Te- 
tinn. 

VEOETABLE  FOODS. 

I'n'Jirl  i-  made  from  cereal  flour  and  water,  usuallv  leavene^i 
l»v  rrM-an-  nf  vfust.  Onlv  wheat  and  rve  mntain  enou^rh  ^rlui'-n 
to  msiki-  lin*ad.  Wheat  flour  contain?  about  15  per  c^nt.  -'f 
watir,  s  to  12  per  cent,  of  gluten,  and  O^"*  to  TO  per  cent,  starh : 
alr^o  su;:ar,  dextrin,  fat,  and  salt#.  The  protein  principles 
(rstinmtrd  ns  \  x  5.7)  and  phosphate?  are  more  abundant  in  t.'ie 
I) ran  nr  rortic  portion.  White  bread  is.  however,  more  di:j«:-stib> 
tlian  thsil  madi*  from  the  whole  wheat.  Too  fresh  or  ivx^rlv 
l»ak«'»l  hrrad  form?*  a  putty-like,  glutinous  mass  in  the  st'^^maoh.  on 
wliirli  the  ;rastric  jiiicp  can  have  little  effect. 

Ojitnu'al  crmtains  nmre  Fe  and  twice  as  much  tissue-f^nninu 
N  as  i1h'  Ham«!  \vci;:ht  of  beefsteak.  Oats  are  especially  rich  in 
fals  (T).!  1  jMT  ciiit.K  maize  ranking  next  and  rice  lowest.  The 
lH'nu  n\'  HI  I  in*  mni/j'  is  rich  in  oil,  causin<r  such  com  meal  to  be- 
come rancid  and  moldy  on  keeping.  It  is  the  volatile  oil  of 
ccrcaU  wliicli  ^nv«'s  the  odor.  The  SigO  content  of  cereal  seeds 
is  silwavs  t'lcatcr  than  of  CaO. 

I*at.<'nl  infant  foods  anrl  most  package  breakfast  cereals  c«>n- 
si  si  hiTL't'lv  of  ilc\trirj,  pnidncod  by  heating  wheat  or  barley. 
d'ruHlinL'^  »•  r»;ils  riiptnrrs  the  ct^lls  containing  starch  grains. 
\\\i\r\\  rurll  11 1)  iirid  burst  in  a  few  minutes  on  cooking. 

I'ol.'ilni's  <niit,iin  nbout  'iO  per  cent,  of  starch.  The  K  salts 
(llin-i'  times  as  mncli  ns  in  bread,  partly  united  with  citric  acid) 
an-  jii-1  lull  I -a  III  tlip  skin,  liico  contains  75  per  cent,  of 
^(Jl^^h.  K  niiripftiinds  are  also  important  constituents  of  buck- 
\v Ileal  :iimI  liirnii)>.  As|>ara<^in.  an  amido-compound  in  ]>ota- 
lo«--  :iii(i  iillur  vr;ji'tal»jes,  Ims  no  nutritive  value,  but  is  believed 
lo  liiiiil.  intc-liiiMJ  putrefaction. 

jNMlo>r  lH)(lii'<  iiiak(»  u|)  tJM*  bulk  (5  per  cent.)  of  the  carbo- 
liydrah'S  of  lurnip-  (can  l>e  used  in  diabetes).  Artichokes  like- 
wi-i'  liMve  no  starch,  hut  ;runis  and  about  2  per  cent,  inulin. 

Carrnts  po^-scss  <-onsi<b'ral)]c  iron  and  about  10  per  cent. 
suj'Mr.  liCLMMrie-i  (ont.ijn  vep^table  casein  (legumin  and  glutenin) 
Mild  si'Tt  iMi'  lil»riii  (izljjidin  and  albumin).  Beans,  peiise.  and 
Icniil-  COM  1:1  in  about  *?.")  per  cent,  of  pmtoin  (legumin)  and  over 
r»o  per  cent,  slarcli.  JjiMiliis  contain  no  S,  as  pease  and  beans 
do.  r«';inuls  coiiliiin  more  protein  than  true  nuts.  Herbs  arc 
superior  as  a  class  to  roots  and  tubers  in  proteins.  Green  vege- 
tables, a^  jirepared  for  the  table,  contain  only  1  to  3  per  cent. 
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carbohydrates  (useful  fillers  in  diabetes),  and  are  good  Tehiclea 
for  fat.  The  Fe  in  vep:etables  appears  as  hematogens  (combina- 
tions with  nucleins).  The  chlorophyl  of  green  vegetables  has  no 
nutritive  value,  and  leaves  the  oody  hardly  changed.  These 
legumes  and  garden  vegetables  are  apt  to  ferment  in  the  bowels, 
owing  to  the  large  proportion  of  water  and  cellulose  they  con- 
tain. For  the  same  reason  green  vegetables  must  be  used  quickly 
after  gathering. 

Nuts  are  rich  in  fat  [peanuts  (a  legume),  46  per  cent.] 
and  are  hence  very  nutritious,  but  must  be  well  masticated.  The 
agreeable  taste  of  fruits  depends  on  the  relative  proportions  of 
sugar,  gum,  pectin,  acids  (malic,  citric,  tartaric),  salts,  etc.; 
free  acids  are  masked  by  gum  and  pectin.  In  the  course  of  ripen- 
ing some  pectin  bcdies  are  converted  into  pentose  (probably  not 
nutritious). 

Fniit-acids  exist  free  and  in  combination  with  bases,  par- 
ticularly K.  The  ash  of  fruit  always  couttiins  Fe — aa  much  as 
4  per  cent.  Fruit-sugar  coraprisea  sucrose  and  invert-sugar. 
All  fruits  contain  tannin — enough  in  blackberries  to  constipate. 

Unripe  apples  and  pears  contain  considerable  starch,  which 
changes  mostly  to  sujrar  during  the  ripening  process.  Fruil^ 
acids  stimulate  digestion,  and  the  cellnJose,  sugar,  and  water  of 
fruits  help  constipation,  for  which  purpose  they  are  best  taken 
before  breakfast.  Apples  contain  considerable  phosphates  and 
are  digested  in  1%  hours.  Fruits  are  of  little  nutritive  value. 
About  80  bananas  would  be  required  to  furnish  one  day's  energy. 

The  invert-sugar,  produced  partly  in  jams  by  boiling,  agrees 
better  with  digestion  than  cane-sugar.  If  fruit  is  boiled  too 
long,  the  power  of  gelatinizing  is  lost,  and  a  syrup  results  instead 
of  a  jelly. 

The  volatile  oils  and  oleoresius  of  condiments  increase  the 
flavor  of  foods  and  stimulate  absorption  and  the  flow  of  secre- 
tions, but  must  be  used  moderately,  lest  they  irritate  the  mu- 

i  membrane.  Condinienta  always  stimulate  movements  of 
the  stomach.  Soup  salte  raise  the  osmotic  pressure  (normally 
ti  atmospheres)  of  the  body-fluids  considerably  V'n  a  1  Ipa 
to  soften  the  cellulose  of  beets  and  other  vegetabl 

Rice,  barley,  and  tapioca  remain  in  the  t  m  h  ab  ut  2 
legumes  and  potatoes,  fll/^  hours;  whit  b  ad  3  h  u  s; 
brown  bread,  4  hours.  The  stomach  should  b  ptv  f  all 
food  in  6  hours  after  a  meal. 


cooEuro. 

To  boil  or  stew  meat  properly  the  water  must  be  boiling 
when  the  meat  is  put  in.  then  be  reduced  in  a  few  minutes  to 
IGO"  or  170°  F.  and  kept  so  til!  the  meat  is  tender:  that  is, 
the  tendons  and  fibrous  tissues  gelatinized.  In  this  way  the 
albumin  and  globulin  at  the  surface  coagulate,  preventing  loss 
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of  juices.  The  reverse  process  should  be  followed  in  making 
broths;  the  addition  of  salt  helps  to  extract  myosin.  Vege- 
tables (and  rice)  are  better  steamed  than  boiled,  in  order  to 
retain  their  special  virtues.  Digestion  of  carbohydrates  is  aided 
chiefly  by  hydration  of  starches  into  soluble  starch,  dextrin  and 
maltose.  As  ordinarily  cooked,  only  about  half  the  proteins  from 
dried  pease  and  beans  is  absorbed.  Starch  granules  are  sur- 
rounded by  an  envelope  of  vegetable  fiber  (cellulose).  Cooking 
breaks  down  this  covering  and  liberates  starch  as  paste.  In 
potatoes  cooked  till  they  are  mealy,  the  waters-  part  is  absorbed 
into  the  starch  cells.  The  N  of  potatoes  is  chiefly  in  the  juice 
(causes  waxy  appearance  on  cooking,  especially  in  young  pota- 
toes). A  baked  potato  is  more  digestible  than  a  boiled  one,  since 
the  heat  of  the  oven  is  usually  about  200°  P.  higher  than  the 
b.p.  of  water.  Legumin  forms  an  insoluble  compoimd  with  Ca 
Bslfs;  hence  pultios  should  not  be  cooked  with  hard  water  (ppt. 
with  baking  soda). 

For  frying  purposes  the  oil  or  fat  should  be  boiling  when 
the  dough  is  put  in,  Othenvise  the  paste  becomes  saturated 
with  grease  and  very  difficiUt  of  digestion.  Butter  or  lard  is 
added  to  crackers  to  prevent  them  from  becoming  too  hard  and 
dry. 

Roasting  is  best  done  in  the  open  air,  where  the  meat  be- 
comes more  savory,  digestible,  and  nutritious.  Broiling,  or 
grilling,  and  baking  are  modes  of  roasting. 

The  gliadin  and  glutenin  of  wheat  unite  in  the  presence 
of  water  to  form  gluten.  The  "sponge"  is  an  actively  ferment- 
ing mass  of  yeast  and  Sour  or  glucose.  "Salt  rising"  depends 
on  enzymes  normally  present  in  flour.  In  baking  bread  the 
glucose  (about  6  per  cent.)  produced  from  the  starch  of  the 
flour  is  fermented  by  yeast  into  aldhol  and  COj,  which  causes 
the  dough  to  rise,  and  on  heating  the  loaf  continues  to  expand 
until  the  gluten  is  coagulated  and  the  bread  sets  in  a  vesicutated 
Dia£s.     The  alcohol  escapes  into  the  air. 

Good  bread  contains  about  35  per  cent,  moisture,  8  per 
cent,  proteins,  and  55  per  cent,  carbohydrates.  The  crust  is 
most  digestible,  being  composed  mainly  of  dextrin  and  caramel. 
Bread  becomes  sour  from  lactic  and  butyric  acids  when  fermen- 
tation is  allowed  to  go  too  far  (alum  prevents).  A  loaf  of 
bread  is  not  sterilized  thronghout  by  baking.  The  varying  flavor 
of  different  batches  of  bread  is  due  to  minute  quantities  of  lactic, 
acetic,  and  butyric  acids,  formed  during  fermentation.  The 
freshness  of  stale  bread  is  restored  for  a  time  by  soaking  in  water 
and  rebaking. 


i 


Dilute  alcoholic  liquors  increase  the  flow  of  gastric  juice 
and  are  rapidly  absorbed.  They  are  not  tissue-builders,  but 
tissue- savers,  as  shown  by  decrease  of  urea,  being  burned  in 


BEVERAGES. 


5*5 


the  capillaries  into  CO*  and  HjO  to  the  extent  of  H^  or  2 
oz.  daily;  1  gm.  al<X)hol  =  0.071  calorie.  Heoce  they  are  of 
Bervice  in  some  fevers.  Alcoholics  do  not,  however,  give  real 
Btrength.  and  are  a  poor  food  for  muscular  work.  When  used 
continually  they  probahly  combine  with  the  nervous  tissue  of 
the  brain,  interfering  with  proper  mctaboliBm  and  predisposing 
to  disease.  Alcohol  excites  negative  chemotaxis,  and  leads  to 
hypoleucocytosis,  thereby  reducing  resistance  to  infection. 

Alcohol  is  itself  an  excretion  of  the  yeast  plant,  and  hence 
destructive  to  all  higher  organisms.  Alcoholic  liquors  iacrease 
thirst  by  augmenting  the  elimination  of  water  from  the  skin, 
lungs,  and  kidneys. 


White  of  egg 67.11 

Flour    393.ffl 

Flounder    100.81 

Macaroni    362.81 

Mackerel    17B,9( 

Milk    MSI 

Skim-milk    3B.B 

Ostmenl    400.4) 

Omelet 238.7( 

Pea-meal    ,.   393, 6i 

Potatoes    101.31 

Pigeon    99.71 

Green  poase   3I9,0i 


Apple*    68.0< 

Arrowroot    31H.2( 

Asparagus    1B.6( 

Bean-HOnp   193.<K 

Boiled  beef   209.0( 

Broiled  beef  213.84 

Raw  beef   11B.9: 

B«f-fBt  eoe,9( 

Leaa  beef  11J8.7( 

Bread-crumb 223.lt 

Butter  814.(H 

Bnttanniik   41.5( 

Cabbage    43.4( 

Ckkea    374.01 

C«ne-aiig>r    334.81 

C»rp    93.m 

Carrota    41.0( 

Chieken-breut  I08.4t 

Cbeehire  cheese  .  464.7) 

Cod-liver  oil 910.71 

Cmm    214.71 

Hard-boiled  egg 2.13.31 

Y«lk  of  egg 342.31 

The  excessive  use  of  malt  liquors  leads  to  the  putting  on  of 
fat,  from  imperfect  oxidation  and  elimination  chiefly. 

The  alkaloidal  beverages,  tea,  coffee  (a  cup  contains  0.1 
gm.  of  caffein),  cocoa,  chocolate,  kola,  and  mat6,  are  nerve- 
stimulanta  and  are  closely  related  to  uric  acid.  Hence  their 
continued  use  is  likely  to  excite  migraine  and  other  uricacidcraic 
conditions.  Tea  and  coffee  should  always  be  prepared  by  a 
few  minutes'  infusion  with  nearly  boiling  water,  as  prolonged 
boiling  drives  off  the  aromatic  flavoring  oil  and  causes  the  water 
to  take  up  a  bitter  astringent,  tannin,  a  radical  opponent  of 
eupopsia.  In  addition  to  caffein  (1.3  per  cent.),  caSeotnnnic 
acid,  and  the  aromatic  oil  (caffeone,  caffeol),  coffee-berries  con- 
tain fat  (10  to  13  per  cent.),  legumin,  sugar,  dextrin,  vegetable 
scida,  and  mineral  salts.  On  roasting,  the  sugar  is  changed 
to  caramel  and  the  aroma  develops.    Tea  contains  about  3  per 


Ground  rice   318.31 

Trout    108.41 

Veal  cutlets  (raw)    142.4! 

(broiled)     ,    .  230.S( 

Wheat  bread  2H1.0I 

"          "        (toaatedl     .  .  .  258,81 

Whiting 90.* 

Zwieback    -. 367.8( 
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cent,  of  thein  and  13  per  cent,  of  tannin  (more  in  green  than 
black),  as  well  as  dextrin,  glucose,  MnO,  and  a  volatile  oil. 
The  fermentation  in  making  black  tea  renders  the  tannin  less 
soluble.  Milk  added  to  tea  or  coffee  makes  these  less  obnoxious 
to  eupepsia,  by  pptg.  some  of  the  tannin.  Cocoa  is  the  most 
nourishing  of  these  drinks,  since  it  contains  50  per  cent,  of  fat 
and  18  per  cent,  of  proteins,  and  a  high  percentage  of  potassium 
phosphate,  besides  gum,  starch,  coloring  matter,  etc.  Chocolate 
is  cocoa  plus  refined  sugar. 

Lemon-juice  contains  about  45  grains  of  citric  acid  per 
fluidounce.  It  is  of  special  use  in  scurvy,  which  appears  to  be 
a  mineral-acid  intoxication  due  to  an  exclusive  diet  of  meats 
or  cereals,  with  a  lack  of  alkaline  salts  (K  particularly). 

The  prevalent  practice  of  swilling  soda-water,  phosphates, 
and  the  like,  during  warm  weather,  tends  to  derange  digestion 
through  fermentation,  and  to  increase  heat  production  by  oxida- 
tion of  the  sugar  in  these  drinks. 


AUTOTOXEMIA. 

Autointoxication,  or  poisoning  from  within  the  body,  is  of 
great  practical  importance  in  the  causation  of  various  diseased 
conditions.  The  agents  giving  rise  to  autointoxication  may  be 
either  pathologic  chemic  compounds  or  physiologic  products 
in  excess  of  normal  limits.  The  general  rule  is  that  the  waste 
products  of  any  organism  are  deleterious  to  it  and  may  cause 
death,  sometimes  suddenly,  when  reabsorbed  in  suflBcient  amount. 

The  poisons  generated  in  the  body,  which  lead  to  the  abnor- 
mal cell-reactions  of  disease,  are  in  general  of  intracellular 
(catabolic)  or  gastrointestinal  origin,  and  are  formed  by  au- 
tolysis, disassiniilation,  abnormal  secretion,  fermentation,  and 
putrefaction.  The  toxicity  of  these  products  varies  in  propor- 
tion with  the  complexity  of  their  molecules.  By  vitiation  of  the 
interstitial  plasma  they  cause  arteriosclerosis  and  degeneration  of 
protoplasm,  with  increase  of  the  nitrogen  output.  Autointoxi- 
cation creates,  by  depraving  nutrition,  the  "morbid  oppori;unity" 
essential  for  the  pathogenic  action  of  the  neariy  omnipresent 
germs,  which  poison  the  body  by  means  of  their  toxins.  Con- 
versely, autogenic  poisons  are  augmented  in  infected  organisms 
through  increased  febrile  disassimilation  and  alimentary  putre- 
faction. 

The  toxic  endogenous  substances  giving  rise  to  autotoxemia 
include  the  fatty  acids  (beta-oxy butyric  causes  diabetic  coma), 
aromatic  phenols  (intestinal  autointoxication),  tyrosin  (hepatic 
insufficiency),  purin  bases  (uricacidemia,  migraine,  and  gout; 
guanin  from  cancerous  degeneration  causes  coma),  diamins 
(putrescin  and  cadaverin  in  gangrene  and  carcinoma) ;  mucin  in 
myxedema;    cholin  in  epilepsy;    neurin  in  Addison's  disease; 
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the  ainins  (eapecially  triraetiivlamin),  acetone,  special  alkaloids, 
and  leuconiains,  and  the  toxins  generated  by  the  colon  bacilluB, 
which  is  s  constant  habitant  of  the  bowel.  The  production  of 
indol  depends  largely  on  the  activity  of  the  colon  bacillus,  which 
ferments  carbohydrates  before  acting  on  proteins.  It  causes 
(Kemp)  headache,  colic,  diarrhea,  neurasthenia,  spasms,  and 
cardiac  and  respiratory  depression.  Intestinal  bacteria  form 
phenol  and  cresol  from  tyrosin  and  break  up  lecithin  into  cholin. 

Ethylidenediamin  (Kemp)  is  a  ptomain  produced  in  dilated 
stomachs,  Methylguanidin,  formed  in  the  small  intestine.,  causes 
nervous  irritability  and  convulsions,  which  are  likewise  produced 
by  muBcarin,  putrescin,  and  neurin  {dyspnea,  unconsciousness). 
Depression  and  shock  in  intestinal  obstruction  are  due  chiefly  to 
pentamethylenediamin,  HjS,  and  methyl  mercaptan,  formed  in 
the  stagnating  contents  of  the  bowel  (Kukula), 

The  etiologic  classification  of  Albu  is  as  follows:  Arrest 
of  orjmnic  function  (mysedcma,  pancreatic  diabetes,  Addison's 
disease,  acute  yellow  atrophy) ;  anomalies  of  general  metab- 
olism (gout,  oxaluria,  diabetes) ;  retention  of  phyaiologic  meta- 
bolic products  (uremia  or  potassemia,  eclampsia,  cholemia,  as- 
phyxia, extensive  bums) ;  overproduction  of  physiolo<ric  and 
pathologic  products  (overwork,  diacetemia,  ammonemia,  cysti- 
nurin,  etc.) ;  decomposition  of  food-substances  arising  from 
maldigestion.  The  last  class  is  most  common,  and  is  usually 
accompanied  by  constipation,  indicanuria,  and  neurasthenic 
symptoms.  The  urine  of  fifty-two  hours  (urea  of  sixteen  days) 
or  the  bile  produced  in  eight  hours  will  kill  a  man.  The  carbon 
dioxid  exhaled  by  one  man  in  twenty-four  hours  would  poison 
him  lethally  many  times  if  retained.  The  blood  itself  is  nor- 
mally toxic  to  one-tenth  the  fatal  degree.  The  saliva  of  some 
men  is  nearly  as  poisonous  as  serpents'  venom  (Bninton).  The 
contained  pigments  account  for  one-third  the  toxicity  of  urine 
and  two-thirds  that  of  bile. 

Ijithemia,  or  biliousness,  is,  generally  speaking,  the  mani> 
festation  of  an  overworked  and  long-euffering  liver.  The  thy- 
roid gland  is  involved  in  myxedema,  cretinism,  cachexia  stru- 
miprivB,  and  exophthalmic  goiter;  the  pancreas  in  diabetes 
mcllitus;  the  liver  in  jaundice  or  cholemia,  lithemia,  acute  yel- 
low atrophy,  and  icterus  gravis;  the  kidneys  in  uremia  and 
eclampsia;  the  adrenals  in  Addison's  disease;  the  lungs  in  CO2 
poisoning  from  interference  with  respiration;  the  gastrnintes- 
tinal  tract  in  the  depressed  nervous  conditions  accompanying 
constipation,  indicanuria,  and  oxahiria;  the  skin  in  the  phe- 
nomena following  severe  burns  of  large  surfaces,  and  the  pituitary 
gland  in  acromegniv. 

Puerperal  eclampsia  is  aacrihcd  to  temporary  athyroidea,  or 
thyroid  inadequacy,  jirotcids  being  converted  not  into  urea,  but 
irritant  toxins.  lodothyrin  is  a  vasodilator,  diuretic  and  urea 
producer.    Atrophy  of  the  thymus  gland  is  characteristic  of  in- 
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fantile  marasmus.  Pathologic  adiposity  resuUs  after  removal 
of  or  morbid  changes  in  the  sexual  glands. 

The  manifestations  of  autotoxemia  in  any  given  case  are 
usually  manifold,  and  not  confined  to  one  organ.  Nervous 
symptoms  are  the  most  frequent,  and  comprise  headache,  ver- 
tigo, BjTicope,  irritability,  insomnia,  hypochondria,  subnormal 
accommodative  power,  stupor,  coma,  delirium,  spasms  or  con- 
vulsions, paralysia,  melancholia,  and  mania;  poljinyositis  has 
been  noted  in  a  few  instances.  Common  cardiac  symptome  are 
tachycardia,  bradycardia,  and  arhythmia.  The  breathing  may 
be  stertorous  or  of  the  Cheyne-Stokes  type.  The  temperature 
may  be  pjTetie  or  subnormal,  usually  the  first.  Digestive  symp- 
toms include  anorexia,  nausea,  vomiting,  eructations,  diarrhea, 
constipation,  and  colic.  Toxemic  disturbances  of  the  urinary 
tract  are  manifested  by  albuminuria,  hematuria,  hemoglobinuria, 
dioluria,  acetonuria,  diaceturia,  and  oxaluria.  The  skin  may  be 
anemic,  jaundiced,  or  bronzed,  and  not  seldom  shows  an  erythe- 
matouB,  or  urticarial,  eruption.  Cachexias  are  frequent,  particu- 
larly those  of  cancer,  diabetes,  chlorosis,  leukemia,  pernicious 
anemia,  and  the  uric  acid  diathesis.  Infantile  rickets,  purpura, 
scurvy,  and  pernicious  anemia  are  often  of  autotoxemic  origin. 
Chlorosis  is  said  to  be  a  sequel  of  copremia. 

Acid  intoxications  give  rise  to  ataxia,  dyspnea,  rapid  pulse, 
subnormal  temperature,  convulsions,  and  coma.  Carnivorous 
animals  are  self-protected  by  the  manufacture  of  NHj  from 
their  proteids.  Oxybutyric  acid  is  normally  oxidized  in  the  body 
into  its  keto-acid,  diacetic  acid,  and  this  into  acetone  and 
CO3,  but  in  diabetes  such  oxidation  is  interfered  with.  The 
excretion  of  ^-oxybutyric  acid  represents  a  much  more  advanced 
degree  of  oxidative  perversion  than  does  the  excretion  of  di- 
acetic acid  or  acetone.  Its  deleterious  effect  as  to  coma  depends 
on  its  acid  charactivr  in  general,  withdrawing  alkali  from  the 
organism.  These  acetone  bodies  are  probably  intermediate  syn- 
thetic products  of  normal  metabolism.  Alkali  therapy  protects 
tlie  fixed  bases  of  the  cells  from  combining  with  pathogenic  acids 
{diacetic  and  oxybutyric  in  particular)  in  the  circulation.  Von 
Noorden  gives  15  grams  or  more  daily  of  sodium  bicarbonate  or 
citrate  in  every  case  of  diabetes  showing  the  ferric  chlorid 
reaction.  In  diabetic  coma  Naunyn  injects  intravenously  35 
or  40  grams  of  sodium  carbonate,  repeating  if  need  be. 

Man  is  protected  from  autointoxication  by  the  healthy 
action  of  his  emunclories  and  by  neutralization  within  the  fluids 
and  cells  of  the  body.  In  this  self- protect  ion  the  liver  is  the 
chief  organ  of  defense,  oxidizing  (by  oxidases)  and  neutralizing 
poisons  and  excreting  them  in  the  bile.  The  liver  oxidizes  indol, 
for  instance,  into  indoxyl  and  conjugates  this  with  sulphuric 
acid,  forming  indoxyl  potassium  sulphate,  a  substance  leas  toxic 
than  indol  and  more  readily  excreted  through  the  kidneys.  The 
bowels  are  oftener  loose  than  constipated  in  autointoxication. 
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through  nature's  efforts  to  effect  a  cure  by  means  of  a  salutary 
vicarious  diarrhea.  Vomiting  is  less  frequent  as  a  natural  relief. 
The  mucous  membrane  lining  the  intestines  ie  excretory  as  well 
aa  secretory  in  action.  Bile-salts  and  pigments  are  precipitated 
in  the  bowel  and  not  reabsorbed  to  a  great  extent.  The  acid- 
fermentation  products  of  milk  and  carbohydrates  suspend  the 
development  of  the  ordinary  saprophytic  micro-organisms  of  the 
alimentary  canal,  whereas  meat  favors  their  growth.  The  kid- 
neys are  the  chief  organs  of  elimination,  and  extra  work  is  thrown 
upon  them  when  the  liver  is  disenBcd.  The  akin  and  intestines 
can  pass  out  in  the  same  quantity  of  water  only  V500  ^  much 
urea  as  the  kidneys  (Bouchard),  hence  their  vicarious  elimina- 
tive  action  is  not  important.  Indeed,  Bouchard  asserts  that  per- 
spiration is  not  beneficial  in  uremia,  since  it  lessens  the  amount 
of  urine,  the  chief  depurant.  He  adds  that  the  abstraction  of 
39  grams  of  blood  carries  off  more  poisons  than  100  liters  of 
perspiration.  Connective  tissue  absorbs  bile-pigment,  and  so 
protects  brain  and  nerves.  The  lymph-glands  serve  as  filters  to 
bacterial  products,  Leucocj'tosis  is  the  rule  in  threatened  auto- 
intoxication. 

"An  ounce  of  prevention  is  worth  a  pound  of  cure,"  never 
more  bo  than  in  autointoxications.  A  proper  diet  is  of  the 
greatest  importance.  Generally  spcakin",  the  amount  of  food 
should  be  lessened.  Surgeons  obviate  autotoxemia  preparatory 
to  operation  by  starvation  (Ochsner  method).  Milk,  buttermilk, 
starches,  and  cereals  prevent  putrefaction  in  the  bowels.  Car- 
bohydrates tend  to  lessen  the  amount  of  acetone  bodies  in  dia- 
betes, since  they  contain  much  oxygen.  One  should  avoid  excesa 
of  proteins  {kidney  and  liver  diseases),  carbohydrates  (adiposity, 
diabetes),  fats  (torpid  liver,  diarrhea,  akin  diseases),  and  nuclein 
foods  (goutiness).  We  should  observe  idiosyncrasies  to  certain 
foods  (eggs,  strawberries,  shellBsh)  aa  well  as  to  medicines. 
Haig  recommends  in  "uric  acid"  cases  with  high  blood-tension 
a  diet  of  bread  and  fralt  with  as  little  fluid  aa  possible.  Grawitz 
reports  cases  of  pernicious  anemia  (intestinal  autointoxication) 
cured  with  a  diet  of  vegetables  and  cereals  mashed  or  in  porridge, 
with  abundance  of  lemonade. 

In  the  treatment  of  autointoxications  elimination  ranks  first, 
and  the  necessity  of  a  daily  movement  of  the  bowels  has  been 
recognized  from  the  earliest  times.  A  full  dose  of  calomel,  fol- 
lowed by  some  saline,  is  most  effective  in  self-poisoning  from 
the  stomach  and  bowels,  though  in  children  who  have  eaten  not 
wisely  but  too  well  castor-oil  may  be  preferable.  Constipation 
can  often  be  controlled  by  drinking  six  to  eight  times  daily  a 
glass  of  water  oontaining  enough  table  salt  to  make  the  liqaid 
half  isosmotic  with  blood-serum.  Stomach  and  bowel  lavage  is 
beneficial  in  almost  any  kind  of  poisoning,  Apomorphin  hypo- 
dermically  is  a  quickly  acting  and  efficient  emetic.  The  skin 
should  be  kept  active  by  washing,  friction,  and  sweat  baths,  fol- 
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lowed  by  cold  douches,  or  sprays.  Diuresis  is  best  induced  by 
enteroclysis  with  four  to  eight  liters  of  physiologic  salt  solution. 
Saline  infusions  are  especially  serviceable  to  flush  poisons  out 
of  the  system.  Stern  advises  using  a  hyperisotonic  (1  per  cent.) 
solution  of  sodium  chlorid  intravenously — up  to  500  c.c.  at 
115°  F. — every  four  to  six  hours  if  need  be.  Bleeding  and 
vasodilators  (aconite,  nitroglycerin,  veratrum)  are  indicated 
for  the  high  tension  pulse  of  eclampsia  or  anuria. 

In  acute  autointoxication  stimulants  are  often  required  to 
preserve  the  patient  while  the  poisons  are  being  eliminated. 
Atropin  is  very  useful  in  antagonizing  the  neurin,  cholin,  and 
muscarin  of  meat  poisoning.  Inhalations  of  oxygen  are  of  spe- 
cial service  when  the  blood  is  disorganized  and  dyspnea  is  promi- 
nent. Abrams  recommends  as  invaluable  digitalin  and  strophan- 
thin,  alone  or  combined,  for  the  relief  of  abdominal  venous  stasis. 
Motor  functions  are  aided  by  strychnin. 

The  best  gastric  antiseptic  is  the  natural  one,  hydrochloric 
acid,  which  prevents  hypochlorhydric  fermentation.  Intestinal 
antisepsis  can,  of  course,  be  only  partially  achieved,  but  "A  half 
loaf  is  better  than  none.'^  Intestinal  antiseptics,  particularly 
calomel,  may  do  good  in  typhoid  fever  by  preventing  non-specific 
saprophytic  autointoxication.  Oliver  claims  that  the  phenols 
exert  a  depoisoning  (combine  with  toxins)  rt^ther  than  germi- 
cidal effect  after  absorption.  Bouchard  prefers  insoluble  and 
non-absorbable  antiseptics,  such  as  naphthalin,  bismuth  salicy- 
late, and  iodoform.  Other  agents  of  more  or  less  value  are 
thymol,  salol,  beta-naphthol,  oil  of  cinnamon  (Caiger — 3  to  5 
drops,  0.18  to  0.30  c.c,  three  or  four  times  a  day),  formic  acid 
(Stern — 2  to  5  drops,  0.12  to  0.30  c.c,  well  diluted  with  glycerin, 
ever}'  hour),  pure  brewers'  yeast  (1  or  2  teaspoonfuls  of  dried; 
20  to  40  c.c  of  liquid),  organic  peroxids,  petroleum  or  olive-oil, 
fruit  acids  (Kellogg),  bismuth  subnitrate,  salicylates,  sulphites, 
and  copper  salts.  Charcoal  taken  internally  disinfects  by  fixing 
and  oxidizing  alkaloids,  pigments,  and  other  poisons  in  the  ali- 
mentary tract.  I  have  found  phenolsulphonates  (sulphocarbo- 
lates)  quite  efficacious,  and  it  has  long  been  my  custom  to  give 
the  sodium  salt  in  full  doses  in  acute  alimentary  poisoning,  and 
in  all  chronic  diseases  accompanied  by  foul  stools  and  indi- 
canuria. 

INFECTION  AND  naiXJNITT. 

Most  infectious  diseases  are  known  to  be  caused  by  the 
presence  in  the  body  of  specific  bacteria,  which  generate  soluble 
poisonous,  complex,  non-basic  protein  bodies,  or  toxins,  that  act 
as  the  direct  cause  of  all  the  morbid  symptoms,  interfering  with 
nutrition  and  acting  destructively  on  the  cells.  The  term  intoxi- 
cation is  applied  when  infectious  microbes  remain  localized  and 
only  their  toxic  products  enter  the  system.  A  certain  bacterium 
may  produce  one  or  more  toxins,  toxalbumins  or  bacterioproteins 
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(tuberculin).  They  are  gt-iuTally  destroyed  by  heat,  light,  and 
air,  and  by  prolonged  keeping  (attenuation).  Tliey  may  be 
soluble  (tetanus,  diphtheria)  or  insoluble  (endotoxins  of  B. 
typhosus,  cholera  epirilla,  and  pyogenic  cocci),  and  pi'esent  only 
in  the  bodies  of  the  bacteria.  The  filtrate  of  diphtheria  bacilli 
cultures  is  poisonous  (soluble  toxin) ;  that  of  typhoid  cultures 
is  harmless.  The  tetanus  bacillus  is  responsible  for  four  dis- 
tinct toxalbumins  or  to.'dns:  tetanjn,  tetanospasmin,  tetanolysin, 
and  one  unnamed.  The  relative  toxicity  of  toxins  in  general 
is  enormous;  the  diphtheritic  toxin  can  produce  lethal  results 
in  a  living  being  20,000,000  times  its  own  weight.  Tetanus 
toxin  is  300  times  as  toxic  as  strychnin.  The  incubation  period 
of  an  infectious  disease  is  the  period  during  which  sufficient 
toxins  are  being  formed  to  produce  an  appreciable  constitu- 
tional effect. 

When  diphtheria  toxin,  prepared  from  virulent  cultures,  is 
injected  into  a  susccptihie  animal,  as  the  horse,  in  gradually 
increasing  doses  (usually  triweekly  for  from  6  to  13  months), 
the  said  animal  acquires  a  iiiarlied  tolerance  lo  the  poison,  ao 
that  an  amount  can  finally  be  injected  which  at  ftrst  would 
have  proved  quickly  fatal.  The  serum  of  the  animal's  blood  also 
acquires  the'  property  of  protecting  other  animals  against  diph- 
theria when  injected  subcutaneously  in  sufficient  dose.  Such 
serum  when  concentrated  is  known  as  antito.xin  (phylaxin),  and 
is  standardized  by  physiologic  tests  against  a  given  quantity  of 
toxin;  both  being  injected  at  the  same  time  into  guinea-pigs. 
The  amount  of  antitoxin  produced  may  be  100,000  times  that 
of  the  loxin  injected.  Sera  are  now  put  up  in  a  dry  and  per- 
manent form,  as  well  as  liquid.  A  normal  autitoxic  unit  will 
counteract  100  doses  of  toxin  fatal  to  the  guinea-pig. 

The  test-dose  of  Ehrlieh  is  the  amount  of  filtrate  which  is 
just  sufficient  to  kill  the  animal  in  four  days  when  mixed  with 
a  whole  unit  of  serum.  Ehrlieh 's  phenomenon  is  the  diminution 
of  toxic  action  by  successive  additions  of  equal  quantities  of 
antitoxin,  such  effect  gradually  diminishing.  It  may  be  ac- 
counted tor  by  incomplete  reaction,  as  between  acetic  acid  and 
alcohol,  or,  perhaps  better,  by  selective  absorption  of  one  colloid 
by  another. 

Anaphylaxis  (allergic  =  altered  energy)  is  the  term  applied 
to  the  supersusceptibility  or  supersensitiveness  of  the  system  in- 
duced to  a  serum  by  the  injection  at  a  certain  previous  interval 
(10  to  13  days  for  horse  serum)  of  the  same  serum.  This  fact 
perhaps  accounts  for  the  phenomena  hitherto  explained  by  tlie 
supposed  endoto.\ins,  the  period  of  incubation  and  some  points 
concerned  with  heredity.  The  specific  antibody  (allergin)  of 
sensitization  (first  step  toward  immunity)  can  be  transferred 
passively  from  one  subject  to  another.  Rennin,  trypsin,  diastase, 
and  other  enzymes  excite  the  formation  of  antagonistic  anti- 


512 


PHYSIOLOGIC  AND  PATHOLOGIC  CHEMISTRY. 


bodies.     These  in  turo,  when  injected  in  an  active  state  into  new 
animals,  bring  about  the  formation  of  still  other  antibodies. 

Immunity  (McFarland)  is  the  protective  reaction  mani- 
fested by  living  beings  toward' infet'tionB  and  toxic  agents.  Ac- 
cording to  the  Ehrlich  theory  of  immunity,  the  presence  of  toxins 
in  the  blood  stimulates  the  protoplasm  o!  the  leucocyteB  and  the 
fixed  tisanes  to  an  intramolecular  migration  of  atoms  to  a  more 
stable  position.  In  this  change  are  thrown  out  certain  side- 
chains,  or  receptors  (haptins),  which  correspond  to  the  unsatu- 
rated radicals  of  a  complex  molecule  serving  as  hookleta  to  com- 
bine with  the  haptophore  groups  of  certain  food  molecules,  and 
which  have  a  particular  affinity  for  the  haptophore  group  of  the 
given  toxin  and  combine  with  and  neutralize  it,  toxophore  group 
and  all.  The  molecules  are  not  broken  apart  if  the  stimulation 
is  slight,  hut  protoplasmic  resistance  to  the  toxins  is  increased, 

^         Q 
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as  exemplified  by  vaccination,  which  is  indeed  a  modified  atten- 
uated form  of  variola.  Under  increased  stimulus  by  the  toxins 
myriads  of  these  side-chains  are  liberated  into  the  serum,  giving 
it  antitoxic  properties,  and  constituting  the  more  or  less  perfect 
active  artificial  immunity  observed  after  one  attack  of  a  con- 
tagious disease.  It  is  claimed  that  the  amount  of  antitoxin  set 
free  can  be  augmented  by  the  administration  of  agents  (pilo- 
carpin)  which  stimulate  cell-activity.  Antitoxins  may  also  be 
formed  by  the  stimulating  action  of  non-bacterial  proteins  (ricin, 
abrin ) . 

If,  on  the  other  hand,  as  in  malignant  oases,  the  toxin  is 
overwhelmiHg  in  force  and  amount,  reaction  is  paralyzed,  no 
side-ehaina  are  evolved,  and  the  patient  quickly  succumbs.  Pas- 
sive immunity  is  that  conferred  by  the  injection  of  antitoxins 
(diphtheria,  tetanus,  antistreptococcic,  etc.),  and  is  of  much 
shorter  duration  (3  weeks  or  less  with  diphtheria)  than  active 
immunity,  since  it  is  not  re-enforced  by  fresh  supplies  from  the 
cells  and  is  gradually  eliminated.  In  natural  immunity  there  is 
no  attraction  between  receptors  and  toxins.  Belative  immunity 
depends  on  a  relatively  small  number  of  haptophores. 

The  more  or  less  specific  aifinities  shown  by  toxic  substances 
(strychnin  and   tetanus   toxin,  motor  nerve   cells;   diphtheria. 
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peripheral  nerves;  venoms,  respiratory  center  and  b!ood-cor- 
pusclea)  depend  on  the  power  of  haptophoroua  molecules  to  com- 
bine with  certain  cells  having  appropriate  receptors.  Any  grad- 
ual progressive  intoxication  produces  immunity,  as  with  the 
morphin  habit  or  in  arsenic  eaters  {antiarsenin  in  the  blood), 
Heceptors  are  in  part  permanent ;  in  part  variable  by  generation 
and  regeneration,  unless  the  cell  is  killed. 

Toxins  act  as  localizers  or  condensers,  with  concentration  in 
particular  cells  similar  to  the  action  of  picric  acid  when  wool 
is  immersed  in  a  dilute  solution.  There  is  great  susceptibility 
when  toxophilic  receptors  are  limited  to  vital  organs;  slight 
susceptibility  when  there  is  a  wide  distribution  of  these  recep- 
tors in  indifferent  tissues ;  insusceptibility  either  because  rarely 
toxophore  groups  do  not  act  on  protoplasm,  or  frequently 
through  lack  of  toxophore  receptors.  Erythrocytes  possess  very 
many  and  varied  receptors,  and  play  an  important  role  In  metab- 
olism in  storing  intermediate  bodies.  The  toxoids  of  Ehrlich 
are  attenuated  toxins,  still  capable  of  uniting  with  the  func- 
tionating part  of  the  cells  of  the  human  body.  A  toxin  having 
a  greater  affinity  for  the  cells  than  the  antitoxin  is  termed  a 
protoxin;  one  with  aa  much  affinity,  a  syntoxin  (deuterotoxin) ; 
one  with  less  aiSnity,  an  epitoxin.  Toxoids  are  similarly  classi- 
fied, epitoxoids  being  known  as  toxons.  Toxins  are  further 
divided  into  an  alpha  and  a  beta  portion,  depending  on  the  ease 
with  which  they  are  changed  into  toxoids. 

Antitoxins  are  stable  products  not  affected  by  atmospheric 
changes  or  natural  heat  or  light.  They  do  not  dialyze  as  do 
the  soluble  toxins.  Their  antitoxic  strength  is  destroyed  in  the 
alimentary  canal,  by  the  pancreatic  secretion  particularly.  The 
frequent  injection  of  immune  serums  leads  to  the  formation  in 
the  body  of  counteracting  anti-immune  serums. 

The  destruction  of  micro-organisms  and  their  toxins 
(Sajous)  is  insured  by  an  adequate  febrile  process,  due  to  in- 
teraction of  trypsin  (active  in  digestive  vacuoles  of  leucocytes 
and  in  blood-stream ) ,  fibrinogen  {nucleoproteid  rich  in  P, 
secreted  by  neutrophile  leucocytes),  and  adrenoxin  (oxidizing 
secretion  of  adrenals).  This  interaction  produces  sufficient  heat 
energy  (fever)  to  enhance  the  efficiency  of  trypsin,  and  takes 
place  normally  in  tlie  peripheral  capiilariesj  where  surplus  heat 
«nergy  can  be  liberated  most  easily.  This  defensive  action  is 
favored  artificially  by  the  hyperemic  methods  (cupping,  proxi- 
mal bandage,  etc.)  revived  by  Bier. 

The  body  also  defends  itself,  according  to  Metchnikoff,  by 
phagocytosiB,  the  enzyme  microcytase  in  the  leucocytes  {micro- 

fihagea;  acute  infections)  and  larger  cells  (macrophages;  large 
jTnphocytes;  chronic  diseases)  digesting  ingested  bacteria, 
which  exhibit  in  relation  to  the  body  cells  attractive  and  repel- 
lent affinities  (positive  and  negative  chemotaxis).    Microphagea 
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destroy  bacteria ;  macrophages,  blood-corpuscles,  tissue  remnants, 
and  other  large  bodies. 

The  germicidal  action  of  the  blood  is  ascribed  to  soluble 
nucleins  (alkalies  render  more  soluble),  derived  from  the  leuco- 
cytes, and  termed  variously  alexins,  sozins,  or  defensive  pro- 
teids.  The  opsonins  of  the  blood  modify  bacteria  so  as  to  render 
them  a  ready  prey  to  the  phagocytes.  Opsonins  change  bacteria 
and  other  cells  so  that  these  by  chemic  or  electric  (possibly  also 
mechanic)  means  diminish  the  surface  tension  of  leucocytes,  and 
thus  bring  about  phagocytosis  by  substituting  positive  for  nega- 
tive chemotaxis. 

These  opsonins  are  not  identic  with  antibodies,  but  are 
relatively  simple,  probably  allied  to  enzymes  and  are  destroyed  by 
heat.  The  opsonic  index  is  the  average  ratio  of  the  number  of 
bacteria  taken  up  by  leucocytes  in  a  given  patient  as  compared 
with  the  same  finding  in  the  blood  of  a  healthy  person.  In  the 
vaccine  treatment  (revived  by  Wright)  of  various  infectious  dis- 
eases somatic  self-defense  is  stimulated  by  the  injection  of  a 
few  to  many  millions  of  dead  cocci  or  bacilli. 

In  the  phagolysis  of  irritation  or  inflammation  enzymes 
are  liberated  into  the  body  humors.  Relapses  in  infectious  dis- 
eases and  the  increase  of  virulence  seen  in  bacteria  frequently 
passed  through  the  bodies  of  animals  (Welch),  may  depend  upon 
immunization  of  bacteria  against  the  defensive  products  of  the 
human  body.  Mother's  milk  appears  to  contain  immunizing 
substances,  so  that  nursing  infants  rarely  acquire  infectious  dis- 
eases from  their  mothers. 

Snake-venoms  belong  to  the  class  of  toxalbumins,  and  the 
protective  and  curative  action  of  antivenene  is  probably  a  bio- 
chemic  reaction  analogous  to  that  of  antitoxins.  It  is  a  curious 
fact  that  venom  when  taken  by  the  stomach  protects  against 
snake-bites,  and  the  same  is  true  of  antivenene,  but  antitoxins 
are  ordinarily  best  given  hypodermically.  Vaughan  believes 
that  toxins  and  antitoxins  are  nucleins,  neutralizing  each  other 
chemically. 

Chemically  speaking,  tubercle  bacilli  consist  of  protoplasm 
inclosed  within  a  waxy  capsule.  The  toxic  products  of  the  life- 
processes  of  tubercle  bacilli  include  a  systemic  poison  (vaso- 
dilator), a  fever-producing  agent,  and  a  necrotic.  Tuberculin 
(the  old  T.  0.,  not  T.  B.)  is  a  4  to  7  per  cent,  glvcerin  extract 
prepared  from  old,  concentrated  culture-media  oi  tubercle  ba- 
cilli. It  contains  salts,  a  nucleoproteid,  and  other  undefined 
proteins,  one  of  which  (albumose)  is  a  fever-producing  toxin, 
and  is  used  for  diagnostic  purposes  in  the  dose  of  V^  or  1  mg. 

The  P-content  of  tubercle  bacilli  varies  with  the  amount 
of  fat  or  wax  (10  to  40  per  cent.).  The  residue  from  extracted 
bacilli  is  mainly  chitin  (like  keratin).  They  also  yield  9  per 
cent,  of  nucleic,  or  "tuberculinic,"  acid,  which  appears  to  be  the 
active  ingredient.    The  almond  odor  of  cultures  is  due  to  vola- 
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tile  fatty  acid.  Tuberculous  disease  spreads  most  rapidly  when 
the  patient  is  wasting,  and  so  passing  an  excess  of  fat  into  the 
blood. 

HEHOLTSINS. 

It  has  been  discovered  that  the  serum  of  one  animal  in- 
jected with  the  blood  of  another  becomes  toxic  for  the  animal 
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whose  blood  was  injected,  agglutinating  and  dissolving  the  red 
corpuscles  of  the  blood.  Such  toxic  substances  (probably  pro- 
duced by  macrophages),  when  produced  by  the  injection  of 
hetorolo^ous  blood,  are  termed  heterolysins.  When  the  injec- 
tions are  in  the  same  species  isolysins  are  formed.  The  absorp- 
tion of  exudates  may  depetid  on  the  property  of  isolysis.  Auto- 
lysins  have  so  far  not  been  produced.  The  serum  of  many 
animals  is  naturallv  cytotoxic  and  hemolytic,  and  the  same  is 
true  of  snake-venoms.    Repeated  injections  in  increasing  dosage 
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lead  to  the  devolopment  of  an  antitoxic  resistance  to  the  poisons. 
Certain  toxins  (tetanolysin,  staphylolysin)  contain  two  sets  of 
molecules,  one  binding  the  antitoxins  (haptophorous)  and  one 
producing  hemolysis  (toxophorous).  Leucocjrtolysins  are  similar 
m  action  to  hemolysins,  dissolving  the  white  blood-cells,  however, 
without  previous  agglutination.  Various  theories  of  cytolysis 
have  been  proposed.  One  is  that  in  immune  serums  there  are 
two  distinct  substances,  namely:  the  specific  immune  body 
(amboceptor,  intermediate  body,  desmon,  fixateur,  substance 
sensibilisatrice),  which  is  not  destroyed  by  heat;  and  the  non- 
specific alexin  or  complement  (lysin,  addiment,  cytase,  end- 
body),  which  is  destroyed  at  50°  to  60°  and  which  exists  pre- 
formed in  all  blood. 

The  latter  is  destructive  to  the  cells,  while  the  former,  being 
an  amboceptor,  .serves  as  an  intermediary  fixing  agent  or  mor- 
dant. The  complementary  body  is  the  real  hemolytic  agent.  It 
is  bound  by  the  specific  immime  or  intermediary  body  to  the 
corpuscles. 

The  complement  (perhaps  lecithin)  consists  of  zymophore 
and  haptophore ;  the  amboceptor,  of  complementophile  and  cyto- 
phile. 

Anticytotoxins  is  the  term  applied  to  substances  that  neu- 
tralize hemolytic  serums.  They  are  produced,  in  a  similar  way 
to  antitoxins,  by  injecting  hemolytic  serums  in  increasing  doses 
into  susceptible  animals. 

Antibodies  (anticytolytic  or  anti-immune)  prevent  (1)  the 
linking  of  the  immune  body  to  the  cell  receptor,  or  (2)  of  the 
alexin  to  the  immune  body.  Like  antitoxins,  they  are  uniceptors. 
Certain  animals  are  provided  constantly  by  Nature  with  anti- 
hemolysins.     Cancerous  secretions  have  a  hemolytic  efiEect. 

The  Wassermann  syphilis  reaction  depends  on  the  preven- 
tion of  laking  in  sensitized  red  blood-corpuscles  (when  comple- 
ment ia  added)  through  fixation  of  complement  by  the  combined 
action  of  extract  of  the  liver  of  syphilitic  infants  (antigen)  and 
the  blood-serum  from  the  syphilitic  patient  (antibody).  In  the 
Noguchi  modification  human  red  blood-cells  are  used  as  an  indi- 
cator (instead  of  sheep's  cells),  along  with  the  corresponding 
immune  body. 

BACTEBIOLTSINS. 

Bacteriolysins  are  complex  substances  composed  of  a  pep- 
tonizing ferment  and  a  bacterial  derivative.  They  have  a  di- 
gestive and  antibacterial  action,  but  no  effect  on  toxins,  which 
they  set  free,  sometimes  aggravating  the  condition. 

Destruction  of  bacteria  may  be  due  to  plasmolysis  or  plas- 
moptysis  (spewing  out  of  cell-contents),  depending  on  osmotic 
disturbances.  Thus  the  diplococcoid  form  of  colon  bacilli  said 
to  be  found  in  cirrhotic  livers  and  the  accompanying  ascitic 
fiuid  are  perhaps  degenerating  forms  due  to  plasmolysis.    These 


AGGLUTINATION. 


rill 


dead  bacilli  and  bacillary  fragments  teud  to  take  up  iron,  form- 
ing pigment-granules.  Bacteriolysins  may  further  be  produced 
by  the  digestion  of  bacteria  with  peptonizing  ferments.  These 
lysins  are  pptd.  by  acetic  acid  and  dissolve  again  in  tilkaline 
water.  Blood-senmi  appears  to  contain  a  multiplicity  of  bac- 
terial compfements.  Mother's  milk  is  relatively  rich  in  bacterio- 
lysins. 

Various  other  toxic  and  antitoxic  substances — such  as  epi- 
theliolysin  (trichotoxio),  apermotoxin,  and  neplirolytic  serum — 
are  developed  by  the  natural  resistance  of  the  cells  to  outaide 
influences.  It  is  possible  that  in  some  cases  sterility  depends 
on  the  presence  of  spermotoxic  substances  in  woman's  blood. 


AGaLUTIKATION. 

This  curious  property,  forming  the  basis  of  the  Widal  teet 
for  typhoid  fever,  appears  to  be  due  to  the  action  of  agglutinins 
of  unknown  origin,  so  changing  tlie  bacterial  membrane  as  to 
render  it  sticky.  The  agglutinating  propertv  of  serum  is  not 
destroyed  by  heating  to  80°.  A  dilution  of  the  scrum.  1 :  50  or 
higher,  is  practised  in  diagnostic  work.  This  agglutinative  power 
may  persist  for  years  after  the  attack.  Agglutinins  contain  a 
combination  (haptophore)  and  a  functional  (agglutinophore) 
group.    They  are  soluble  compounds  related  to  globulins. 

The  injection  of  protein  substances  into  the  blood  of  an 
animal  causes  its  serum  to  develop  a  precipitin,  or  specific  pre- 
cipitating substance,  for  the  liquid  injected.  When  typhoid 
cultures  are  mixed  with  the  blood-serum  of  a  typhoid  patient,  a 
non-bacterial  ppt.  is  formed  and  quickly  settles  (macroscopic 
test).  Antitoxic  sera  have  the  same  effect.  Normal  serum  con- 
tains agglutinins  which  are  not  specific.  Agglutination  may  be 
produced  by  closely  related  bacteria,  but  to  a  much  less  degree. 
It  is  also  caused  by  chemic  agents  and  by  the  metabolic  products 
of  the  bacteria  themselves,  occurring  spontaneously  in  cultures. 

The  agglutination  of  blood -corpuscles  in  coagulation  is  most 
marked  in  pneumonia,  rheumatism,  erysipelas,  and  typhoid. 
Owing  to  the  firmness  of  the  clot  in  these  cases,  the  buffy  coat 
is  unusually  distinct.  Despite  the  great  mass  of  conjecture  and 
assumption  incorporated  in  tlie  modem  theories  of  infection  and 
immunity,  the  heuristic  value  of  these  hypotheses  is  manifest  and 
unquestioned. 
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QUESTIONS  ON  PHYSIOLOGIC  AND  PATHOLOGIC  CHEXISTEY. 

L  Why  is  saliva  frothy  and  viscid? 

2.  What  is  the  color  of  the  stools  in  jaundice? 

3.  How  detect  starch  in  feces?     Fat?     Mucus?     Casein? 

4.  Why  does  the  sweat  often  smell  sour  in  summer? 

5.  Explain   chemically   the   peculiar   appearance  of   the   skin   in 
cachexias  and  starvation. 

6.  What  effect  does  muscular  exertion  have  on  the  alkalinity  of 
the  blood? 

7.  How  docs  (NH4)2C204,  added  to  freshly  drawn  blood,  prevent 
its  coagulation? 

8.  Why  does  a  sip  of  vinegar  cause  pain  in  mumps? 

9.  What  causes  the  film  on  the  surface  of  saliva  on  standing? 

10.  How  does  deficient  motility  interfere  with  stomach-digestion? 

11.  Why  not  feed  a  young  baby  crackers? 

12.  Why  do  we  need  to  add  salt  to  our  food? 

13.  How    detect   with    certainty    the    presence   of    saliva    in    the 
stomach-contents  ? 

14.  Why  is  whole- wheat  bread  more  nutritious  and  less  digestible 
than  white  bread? 

15.  Why  are  sterilized  milk  and  artificial   infant-foods  likely  to 
produce  rickets  and  scurvy? 

16.  Why  is  it  best  to  boil  potatoes  in  their  skins? 

17.  What  kind  of  diet  is  best  for  hypochlorhydria  ? 

18.  Why  is  toast  more  digestible  than  un toasted- bread  ? 

19.  Why  must  the  blood  be  saline?    Alkaline? 

20.  What  chemic  effects  have  fruits  on  blood  and  urine? 

21.  Explain  the  chemistry  of  infantile  colic. 

22.  What  chemic  compounds  are  present  in  hair? 

23.  Why  do  the  nursing  mother's  teeth  often  decay  rapidly? 

24.  Write  formulas  for  xanthin,  theobromine  caffein   (thein),  and 
uric  acid. 

25.  Gall-stones  are  most  frequent  in  fat,  elderly  women.    Why? 

26.  To  reduce  obesitv  what  kinds  of  food  should  be  avoided? 

27.  Why  is  fracture  in  children  often  of  the  "green  stick"  type? 

28.  What  chemic  changes  accompany  muscular  contractions? 

29.  What  is  the  chemistry  of  atheroma? 

30.  What  is  the  difference  in  composition  between  blood-serum  and 
plasma? 

31.  What  element  is  indicated  medicinally  in  anemic  conditions? 

32.  What  is  the  color  of  a  person's  lips  poisoned  by  "blowing  out 
the  gas"? 

33.  Explain  the  symptoms  of  "heart-burn"  and  "water-brash." 

34.  Why  do  milk  and  other  proteid  foods  give  relief  in  hyperchlor- 
hydria  ? 

35.  State  the  chemic  distinctions  between  gastric  ulcer  and  gastric 
cancer. 

•     36.  What  hydrocarbon  is  found  in  the  body?    What  alcohol?    What 
ethers  ? 

37.  Compare  the  composition  of  human  and  bovine  milk. 

38.  What  are  the  chemic  differences  between  whey  and  buttermilk? 

39.  How  does  chyle  differ  from  lymph? 

40.  Give   some   chemic    reasons    for    the   symptoms    of   Addison's 
disease. 

41.  What  effect  has  lime-water  on  the  gastric  digestion  of  milk? 

42.  How  distinguish  with  certainty  blood  in  the  stools  from  other 
coloring  matter? 

43.  Why  is  yellow  sputum  usually  more  liquid  than  white? 

44.  What  are  the  chief  distinctions  between  exudates  and  transu- 
dates? 


45.  How  do  potatoes  cure  acurvyl 

4S.  If  1  gm.  urea  =:  3  gm.  atbumin,  how  much  protein  food  doM 
a  laboriQK  man  iveighing  140  pounda  require  daily! 

47.  What  ndvanlagps  Imve  cheese  and  pulses  over  meats  in  uric 
acid  casea! 

48.  Name  ten  fooda  especiallj'  good  for  students,  and  give  reasons. 
40.  Define  internal  respiration. 

60.  What  aubstance^a  act  as  fuel  foodat 

51.  What  ia  the  office,  chemically  apealdng,  of  digeationT 

52.  Why  ia  it  aoiaetimea  advisable  to  prescribe  medicines  wiUi 
ginger,  capsicum,  nutme?,  and  other  apices! 

63.  Esplain  from  tne  phyaic  standpoint  the  removal  of  dropaiea  by 
diureticB. 

54.  How  may  an  attack  of  uremia  be  pptd.  by  the  free  UM  of 
digitalis  alter  tupping  an  ascit^a! 

65.  Distinguish  between  active  immunity,  pasaive  immunity,  vac- 
cination, and  natural  immunity. 

60.  Why  do  fats  generate  more  heat  in  the  body  than  carbohy- 
drates or  proteinal 

57.  Why  ia  (he  loweat  daily  range  of  normal  body -temperature  ia 
the  early  morning! 

68.  Make  out  a  diet-table  tor  3600  calories,  using  roast  bee^ 
u'beat  bread,  potatoea,  mitk  and  butter. 

5!).  Why  dhould  diphtheria  antitoxin  be  gi\'en  as  early  as  possible! 

"~ T  NajCOa  delay  the  souring 

nited  too  long  ba  a  milk 


diet! 


60,  How  does  the  addition  of  borax  c 
nilk! 

61.  Why  do  infanta  become  a 


82.  Explain  chemically  the  curative  action  of  gelatin  in  purpura 
and  intestinal  hemorrhages. 

63.  Wliat  effect  does  the  diet  have  on  the  quantity  of  feces,  and 

64.  How  does  muscular  exercise  benefit  goutiness! 

65.  How  does  breathing  cold  air  predispose  to  couglia  and  coldst 

66.  Why  doca  the  face  turn  bluiab  during  a  hard  fit  of  coughingl 
87.  Why  does  salt  or  sugar  make  one  thirsty! 

8R.  Why  is  much  meat  bad  for  young  ehildrenT 

SS.  How  does  eating  candy  alTect  the  teetht 

70.  Wliy,  chemically  speaking,  do  we  shiver  when  coIdT 

71.  Wliy  do  summer  freckles  orcur  mostly  in  blond  persona! 

75.  How    doea    a    hot    bath    relieve    fatigue    following    muscular 
exertion  1 

73.  Why  is  the  administraUon  of  calomel  followed  by  apinaeh'like 
atoolst 

74.  Why  ia  milk  specially  valuable  in  nephritis! 

76.  Why  is  lactic  acid  alwaya  present  with   pyloric  cancer,  but 
Hometimea  abwnt  with  enncer  of  the  cardiac  orifice! 

76.  What  acida  collect  at  the  anode  in  eleotrolysis  of  the  human 
body! 

77.  Why   ore  hypodermic   injections   slow  to   act   in   dropsic   con- 
ditions! 

78.  Why  do  milk  and  meat  not  digest  well   together! 

75.  What  elTeet  does  Ihe  melting  of  butter  have  on  its  digestibility  T 
BO.  What  would  a   persistent  ammoniacal   discharge  from  vngink 

or  rectum  probably  indicate! 

Bl.  How  may  either  hypo-  or  hyper'Chlorhydria  favor  the  formatios 
of  exceae  of  CO,  in  the  stomaebT 

82.  What  are  "liver  spoU"! 

83,  What  is  the  speciflc  remedy  for  royxedemat 

S4.  On  what  kind  of  diet  and  for  how  long  before  mnktng  the  teat 
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ahould  a  patient  be  placed  previous  to  the  Weber  test  for  occult  blood  in 
the  stools? 

85.  What  factors  favor  and  which  retard  the  curdling  of  milk? 

86.  Given  a  scanty  breast  milk  with  1.2  per  cent,  fat,  0.9  per  cent, 
albumin  and  globulin,  1.3  per  cent,  casein  and  6.4  per  cent,  lactose,  what 
advice  would  you  give  the  mother? 

87.  Why  are  hot  fats  irritant  to  the  stomach? 

88.  Why  is  CO2  diminished  in  the  blood  in  acid  intoxications? 

89.  How  could  you  prove  the  presence  of  potassium  phosphate  in 
a  meat  extract? 

90.  Compare  the  weight  of  the  hemoglobin  molecule  with  that 
of  H. 

91.  How  does  sodium  citrate  prevent  the  coagulation  of  milk  by 
rennin  ? 

92.  Ethyl  alcohol  can  always  be  demonstrated  in  the  contents  of 
the  small  intestine.    Explain. 

93.  How  do  toxic  amounts  of  mineral  acids  affect  internal  respira- 
tion? 

94.  How  could  you  determine  by  spectrum  analysis  that  a  person 
had  died  from  CO  poisoning? 

95.  What  liquid  is  present  in  the  serous  cavities  of  the  body? 

96.  Why  does  lymph  become  more  opaque  during  the  process  of 
digestion? 

97.  Why  do  herbivorous  animals  accumulate  albumins  better  than 
do  the  camivora? 

98.  Why  is  the  liver  of  animals  sweeter  after  some  time  than  just 
following  death? 

99.  How  do  acids  aid  the  curdling  of  milk  ? 

100.  Why  are  milk  and  eg^  specially  good  foods  for  children? 

101.  What  causes  the  "coffee  ground"  appearance  of  the  vomit  in 
cancer  of  the  stomach? 

102.  How  is  a  dechlorinated  diet  of  benefit  in  Bright's  disease? 

103.  How  does  NaHCOs  act  as  an  antidote  in  diabetic  coma? 

104.  Why   may   the   blood   remain   fluid   after   death   from   oxalic 
acid  poisoning? 

105.  What  class  of  foods  is  lacking  in  eggs? 

106.  Why  does  deficiency  in  hemoglobin  cause  dyspnea? 

107.  What  indication  can  be  drawn  from  colorless  stools  becoming 
normal  brown  on  treating  with  ether? 

108.  Which  has  more  Ca,  milk  or  lime-water? 

109.  Why  are  sweets  and  fats  contraindicated  in  lithemia? 

110.  Why    is   one   more   thirsty   after   eating   meats    than   carbo- 
hydrates ? 

111.  Why  is  the  electric  resistance  of  the  skin  greatly  diminished 
in  exophthalmic  goiter? 

112.  Explain  chemically  the  sallow  color  of  chronic  malaria. 

113.  Write  equation  for  reaction  which  takes  place  in  the  stomach 
when  NaHCOs  is  administered  as  an  antacid  in  gastric  ulcer. 

114.  Should  the  chest  be  oiled  in  cold  weather  if  one  is  going  to  be 
out  of  doors? 

115.  Why  are  turnips  preferable  to  carrots  for  diabetic  patients? 
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GASTRIC    JUICE. 

For  clinic  purposes  the  p  to  ma  cii -con  tents  are  usually  drawn 
with  the  soft  etoraach-tube  an  hour  after  taking  Ewald'e  test- 
breakfast.  This  consists  of  a  one-ounce  dry  roll  or  two  pieces 
of  toast  without  hutter,  and  300  c.c,  (500  c.c,  better)  of  warm 
water  or  weak  tea  without  milk  or  sugar.  Bohs'b  test-breakfast 
consists  of  one  ounce  rolled  oats  (no  lactic  acid)  in  a  quart  of 
water,  boiled  down  to  a  pint  and  salted  to  taste.  The  double 
test-meal  of  Hemmeter  consists  of  a  full  meal  at  8  a.m.  ;  Ewald's 
test-meal  at  12  u. ;  withdrawal  of  stomach-contents  and  exumi- 
ntition  at  1  p.m.  Disappearance  of  the  entire  breakfast  points 
to  nomiai  digestion;  absence  of  all  proteids,  with  presence  of 
considerable  carbohydrates  ^hyperchlorhydria;  absence  of  all 
carbohydrates,  with  presence  of  some  beef  and  egg  =  hypo- 
chlorhydria  or  anacidity;  presence  of  entire  meal,  with  the  milk 
perhaps  all  uncurdled=^achlorhydria  and  absence  of  ferments 
and  glandular  atrophy.  The  gastric  contents  after  settlinr 
usually  show  a  ratio  of  solids  to  liquids  1:3  or  1:4.  Above  % 
(to  Ys)  indicates  deficient  secretion  or  lack  of  motility.  Under 
Vi  (to  Ho)  is  probably  due  to  increased  secretion. 

The  quantity  of  gastric  juice  obtained  in  this  way  is  nor- 
mally about  40  c.c;  more  than  tiO  c.c.  or  less  than  20  c.c.  is 
patliologic.  The  former  condition  points  to  dilation  and  motor 
insufficiency;  the  latter,  to  too  rapid  emptying  of  the  viacus. 
The  liquid  should  be  filtered  at  once  and  e\amined  as  soon  as 
possible. 

The  reaction  ia  tested  with  litmus-paper,  and  is  normally 
frankly  acid.  The  presence  of  free  acids  is  shown  by  congo-red 
paper,  which  turns  sky-blue  with  1  part  in  50,000  of  mineral 
acid;  violet,  with  organic  acids.  Acid  salts  (phosphates)  have 
no  etTect  on  this  indicator.  Tropeolin  00  in  aqueous  solution 
is  a  dark  yellow-red  or  brown  fluid,  changed  to  pink  by  1  to 
4000  of  free  IICI,  giving  a  bluish  residue  on  drying;  to  a  straw 
color  by  acid  salts.  Benzopurpurin  (6  B)  paper  ia  turned  an 
intense  dark  brown  by  mineral  acids.  A  1  to  SOOO  aqueous 
methyl-violet  solution  added  to  the  specimen  yields  a  copper- 
blue  color  witli  HCl;   a'violet-blue  with  organic  acids. 

Free  HCl  can  alao  be  showTi  by  the  addition  of  3  or  4  drops 
of  a  0,5  per  cent,  alcoholic  solution  of  dimethylamidoazobenzol, 
which  gives  a  pink  color  if  this  acid  is  present  in  the  free  state 
(shows  0.07  per  cent),  while  a  yellow  color  indicates  its  absence. 
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The  dimethylamidoazobenzol  test  is  unreliable,  according  to 
Heraraeter,  only  when  there  is  no  free  HCl  present.  Gunzburg's 
reagent  shows  0.06  per  mille  and  is  prepared  by  dissolving  1 
gm.  vajillin  and  2  gm.  phloroglucin  in  100  c.c.  of  alcohol  (best 
kept  separate,  as  the  mixed  solution  tends  to  turn  brownish-red). 
The  solution  to  be  tested  is  placed  in  an  evaporating  dish, 
2  or  3  drops  of  the  reagent  added,  and  the  mixture  evaporated 
to  dryness  just  below  the  b.p.  on  the  water-bath  or  over  a  small 
flame.  A  purple  or  pink-red  color  shows  free  HCl.  Boas's  re- 
agent is  prepared  by  dissolving  3  gm.  of  cane-sugar,  10  gm.  of 
resorcin,  and  3  c.c.  of  alcohol  in  100  c.c.  of  distilled  water.  To 
the  specimen  in  a  porcelain  dish  add  2  or  3  drops  of  the  re- 
agent and  evaporate  as  above,  getting  with  free  HCl  a  vermilion 
line  at  the  edge  of  the  dried  fluid,  fading  to  reddish-brown  on 
cooling. 

TJffelraann^s  reagent  for  lactic  acid  is  prepared  by  adding 
a  drop  of  dilute  neutral  FeCla  to  10  c.c.  of  2.5  per  cent,  car- 
bolic acid  solution.  It  reacts  to  3  parts  in  10,000  of  the  acid 
or  its  salts.  The  resulting  amethyst  color  is  discharged  by  min- 
eral acids,  but  lactic  acid  changes  it  to  a  straw  color  (butyric 
brownish),  best  noted  by  comparing  with  another  tube  contain- 
ing the  same  amount  of  iron  in  the  same  volume  of  water.  The 
reaction  is  interfered  with  by  much  free  HCl  (dilute  with  H2O) 
or  acid  phosphates,  and  by  the  presence  of  cane-sugar  or  alcohol. 
It  sometimes  gives  a  brownish  color  (sulphocyanate)  when  a 
large  amount  of  saliva  is  intermixed.  Bile-stained  juice  also  may 
simulate  the  color  of  this  test.  To  make  the  test  positive  the 
lactic  acid  must  be  isolated  by  extracting  several  times  with 
ether,  which  is  distilled  off  and  the  residue  dissolved  in  water 
for  testing.  Gastric  juice  containing  more  than  a  trace  of  lactic 
acid  has  a  distinct  sour-milk  odor. 

Acetic  and  butyric  acids  are  recognized  by  their  distinctive 
odors.  Acetic  acid  also  gives  a  red  ppt.  with  dilute  FeClg; 
butyric,  a  tawny  red,  in  amounts  of  0.5  per  mille.  Free  fatty 
acids  in  the  filtrate  on  warming  turn  wet  blue  litmus-paper  red 
when  held  in  the  mouth  of  the  tube. 

Test  for  Butyric  Acid  (Austin). — To  ethereal  extract  in  water  add 
a  granule  or  two  of  CaCl2.  The  butyrate  of  Ca  forms,  rising  to  the  top 
of  the  liquid  as  oily  drops  which  have  a  strong  odor  of  rancid  butter  and 
show  fine,  needle-like  ciystals  if  allowed  to  evaporate. 

Alcohol,  rarely  present  from  yeast-fermentafion,  is  detected 
by  its  odor  or  by  the  iodoform  test.  Acetone  and  aldehyd  may 
also  be  present. 

Estimation  of  Pepsin  (Hammersclilag). — Take  two  test-tubes,  each 
containing  10  c.c.  of  1  per  cent,  solution  of  egg-albumin,  to  which  HCl 
(4  p.m.)  is  added.  Add  to  one  tube  5  c.c.  of  gastric  filtrate;  to  other 
6  c.c.  of  distilled  water.  Place  both  tubes  in  the  incubator  at  37.5*  for 
an  hour,  and  then  test  for  amount  of  albumin  in  each  tube  with 
Esbach's  fiuid  and  centrifuge.  The  peptic  power  (normally  80  to  90 
per  cent.)  is  represented  by  the  proportion  of  albumin  thus  digested. 
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iMt  for  Senniii.— Dilute  filtrate  to  I:  10.  I:  20,  1:  40  and  li  SO. 
Add  to  each  5  c.c.  dilution  6  c.c.  of  cooked  and  cooled  milk  and  a  drop 
of  CaClj  solution.  Place  specimen  in  brood  oven  for  20  to  30  minutes. 
If  rennin  ia  normal  the  1 :  20,  1 :  40  and  1 :  80  and  often  1 :  160  dilution 
coagulates;  if  much  dimiuiahed,  ontj  1:  10  will  curdle. 

The  products  of  starch  digestion  are  tested  for  by  placing 
a  few  drops  of  the  filtered  gastric  juice  in  a  porcelain  dish,  and 
adding  a  drop  of  Lugoi's  solution.  Normally  tliie  yields  a  red- 
dish-violet (amylodextrin)  or  browniah-red  (erythrodextrm) 
color.  Absence  of  coloration  (achroodextrin)  shows  marked  re- 
duction of  HCl.  Under  the  microscope  most  of  the  starch-grains 
should  have  lost  their  characteriEtic  cellular  rinjjs.  Albumoae 
and  pcptona  are  demonstrated  in  the  gastric  filtrate  with  the 
biuret  le.=t,  after  removal  of  albumins  by  boiling. 

Microscopic  Findings  in  the  Qastric  Contents-^Staphyloeocei  In 
abundance  are  found  in  connection  with  carcinoma  ventriculi.  A  small 
Gram-negative  ammonia<producing  bacillus  is  present  in  euchlorhydria 
and  hypercblorhj-dria.  ITirre  are  always  u  few  rolumnar  ceila  in  the 
Htomach  contents',  also  squamous  epithelia  (oral  and  pharTngeal).  Many 
columnar  cells  accompany  gastritis.  Nasopharyngeal  mueua  occurs  in 
yellowish  clumps,  often  containing  dust- particles.  Mucus  is  in  excess 
in  acute  and  mucous  forms  of  gastritis.  The  mucus  in  gastric  contents 
from  saliva  is  lighter  and  floats-,  that  from  the  stomach  walls  is  at  the 
bottom  of  the  cylinder,  closely  mlied  with  food  particles.  The  constant 
occurrence  of  pus  in  the  gastric  contents  is  diagnostic  of  carcinoma, 
according  to  most  authorities.  It  is  occasionally  present  from  being 
swallowed,  from  the  rupture  of  pus  foci,  or  from  gastritis  tollowing 
burns  or  corrosion  of  the  stomach.  Free  nuclei  diner  from  pus  cells 
(which  they  resemble)  in  showing  no  nuclei  on  addition  of  acetic  acid. 
Blood  from  the  stomach  is  usually  dark  red  (fiuid  and  clumpy)  in 
ulcer;  more  like  a  coffee-stain  in  cancer.  The  cells  are  seldom  demon- 
strable under  the  microscope  in  cancer,  and  not  always  in  ulcer.  Blood- 
stained mucus  is  not  seldom  obserred  after  the  passage  of  the  tube 
when  there  is  much  straining,  particularly  in  atrophic  slntes. 

The  long,  non'motile,  club-shaped  Oppler-Boas  chain  bacilli  are 
present  in  large  numbers  in  gastric  cancer,  but  are  not  pathognomonic, 
being  merely  evidence  of  deflcient  HCl.  Yeast'Cells  and  sarcino)  are 
usually  found  in  fermentive  conditions  < non-malignant  ectasia  and 
chronic  catarrh).  Shreds  of  membrane  may  appear  in  the  vomit  of 
phlegmonous  gastritis,  and  pieces  of  tiie  superAcial  mucosa  in  the 
siphoned  contents  of  the  stomach  in  simple  chronic  gastritis.  Cancer 
"pearls"  are  very  rarely  found  in  tlie  debris  brouglit  up  in  the  eye  of 
the  tube  during  sounding. 


PRACTICAL  QUANTITATIVE  ANALYSIS  OF 
GASTRIC  JUICE. 

In  Toi'pfcr's  method  four  reagents  are  required:  1.  Deci- 
normal  NaHO.  2,  A  1  per  cent,  alcoholic  solution  of  phcnol- 
pbthalcin,  to  indicate  total  acidity.  3.  A  1  per  cent,  aqueous 
Holution  of  flodium-alizurin  sulphonate,  to  indicate  all  acids 
except  loosely  combined  UCI.  4.  A  0.5  per  cent,  alcoholic  solu- 
tion  of   dimetbylamidonzobenzol,    to   indicate   free   HCl    only. 

!*ut  10  c.c.  of  filtered  gastric  juice  into  eadi  of  three  beak- 
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ers.  To  the  first  add  1  or  2  drops  of  phenolphthalein ;  then  run 
in  the  decinormal  solution  till  a  aeep-red  color  is  produced  which 
no  longer  increases  in  intensity  (albumose-peptons  act  as  acids 
upon  phenolphthalein).  To  the  second  add  3  or  4  drops  of  the 
alizarin  solution,  and  titrate  with  the  decinormal  alkali  till  the 
first  pure  violet  color  is  reached.  To  the  third  beaker  add  3  or 
4  drops  of  dimethylamidoazobenzol,  and  if  a  red  color  is  pro- 
duced run  in  the  decinormal  alkali  till  the  red 
just  disappears  and  the  fluid  becomes  yellow. 

The  number  of  c.c.  required  for  the  first 
beaker  (a)  represents  the  total  acidity;  for  the 
second  beaker  (h),  all  acids  except  loosely  com- 
bined HCl.  Hence,  deducting  h  from  a  leaves 
the  combined  HCl.  The  number  of  c.c.  needed 
to  change  the  color  in  the  third  beaker  (c)  rep- 
resents free  HCl.  Hence,  deducting  c  from  h 
leaves  the  organic  acids :  chiefly  or  wholly  lac- 
tic. If  organic  acids  are  absent,  (h)'(c)  rep- 
resents the  acid  salts. 

The  amount  in  grams  of  each  of  these  five 
findings,  reckoned  as  HCl,  is  obtained  by  multi- 
plying the  number  of  c.c.  required  in  each  in- 
stance by  the  factor  0.003637  (no.  of  c.c.  of 
lactic  acid  by  0.009) ;  or  the  percentage  (when 
10  c.c.  of  juice  are  used)  is  foimd  by  multiply- 
ing by  0.03637.  The  quantity  of  each  constit- 
uent is  frequently  expressed  as  parts  per  100 
c.c.  Thus,  if  5  C.C.  of  gastric  juice  require  6.4 
c.c.  of  n/io  NaOH  to  neutralize  it,  the  total 
acidity  is  20  X  6.4,  or  128.  Total  acidity  is 
increased  up  to  120  in  hyperemic  conditions 
(ulcer,  neurosis,  early  acute  infiammation) ;  it 
is  below  50  in  chronic  gastritis,  advanced  car- 
cinoma, pernicious  anemia,  and  occasionally  in 
neuroses.  The  stomach-contents  may  be  neutral 
or  alkaline  in  achylia  gastrica  (often  of  hepatic 
Fig.  7o.-straiifl8»8  Origin)  and  atrophic  or  mucous  gastritis,  or 
SfJPfI«?i«*v?i!JS5-^^  with  much  saliva.    Fluctuating  amounts  of  free 

for  Lactic  Acid  Test.    -rTi-iT         •    j      i  i       a  •mi  j. 

(LmiKartz.)  HCl  pomt  strongly  to  a  neurosis.     The  most 

common  abnormal  condition  is  functional  hypo- 
chlorhydria  with  organic  acid  fermentation.  This  condition  may 
be  idiopathic  (dietetic),  but  is  often  secondary  to  other  affec- 
tions, as  chlorosis,  and  pulmonary,  cardiac,  renal  and  hepatic 
diseases.  HCl  also  varies  largely  with  the  amount  of  water  in 
the  system. 

Quantitative  Test  for  Lactic  Acid  (Straots). — ^A  separating  funnel 
graduated  to  5  c.c.  below  and  25  c.c.  above  is  filled  to  the  lower  mark 
with  gastric  juice,  and  ether  is  added  to  the  upper  mark.  The  funnel  is 
corked,  well  shaken,  allowed  to  stand  till  the  fluids  separate,  and  the 
liquids  allowed  to  run  out  to  the  lower  mark.    Distilled  water  is  now 
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added  to  the  upper  niBrk,  and  the  mixture  treated  with  2  drops  of  a  I 
to  10  solution  oE  tincture  of  chlorid  of  iron.  On  shaking  the  mixture  an 
intense-green  color  is  produced  if  lactic  acid  ia  present  to  the  extent  of 
1  to  1000  or  more;  pale  green  if  between  0.6  and  1  per  1000. 

Test  for  Gastric  Absorption. — Let  the  patient  take  a  capsule  con. 
taining  5  graing  of  KI  along  with  100  c.c.  of  water  on  an  empty  stomaeb. 
The  aalt  should  be  found  in  the  snliva  within  IS  minutes,  as  shown  by 
means  of  starch-paper  wet  with  saliva,  then  touched  with  a  drop  of 
nNOj.  Free  I  is  liberated,  giving  with  the  atarch  a  blue  color.  The 
absorptive  function  is  impaired  in  all  gastric  diseases,  particularly 
carcinoma  and  dilation. 

Test  for  Gastric  Hotility.— 1.  The  oldest  and  most  reliable  method 
is  that  of  Leube,  which  consists  in  washing  out  the  stomach  6  to  7  hours 
after  a  full  meal  of  meat,  soup,  and  bread,  or  2^  hours  after  Ewald's 
test-breakfast.    Any  residue  found  at  this  time  denotes  a  lack  of  motor 

2.  Let  patient  take  10  grains  of  salol  in  capsules.  The  salol  is 
broken  up  in  the  intestines  and  should  appear  in  40  (o  75  minutes  in  the 
urine  as  salicyluric  acid,  as  proved  by  filter-paper  dipped  in  10  per  cent. 
KeCI^  solution  giving  n  blue  ppot  with  a  drop  of  the  urine.  If  the 
reaction  comes  later  than  the  time  mentioned  or  if  it  lasts  30  hours  or 
longer,  the  motile  power  is  deficient.  It  must  be  borne  in  mind  that 
salol  is  rarely  decomposed  very  early  in  the  stomach  itself,  owing  to  an 
alkaline  mucous  gastritis. 

3,  Another  method  {Slemperer'a)  of  estimating  the  motor  func- 
tion of  the  stomach  is  to  wash  the  viscus  thoroughly  and.  then  pour 
through  the  tube  100  c.c.  of  olive-oil,  removing  what  remains  2  hours 
later  by  aspiration,  at  which  time  the  residue  should  not  exceed  SO  t« 
40  c.e. 

Tlie  motor  power  of  the  stomach  and  inte-'tines  is  fully 
equal  in  importance  to  the  secretory  functions.  InsufQcient  mo- 
tility checks  digestion  and  leads  to  termentation  and  autointoxi- 
cation. 

The  presence  of  food  in  the  fasting  stomach  before  break- 
fast indicates  a  high  degree  of  submotility,  usually  accompanied 
by  gastric  dilation  (gastritis  or  benign  or  malignant  pyloric 
stenosis). 

The  form  and  location  of  the  stomach  is  usually  determined 
by  palpation  and  percussion.  For  these  maneuvers  the  organ 
should  be  distended  with  CO2.  generated  by  administering,  each 
in  250  c,c.  of  water,  a  teaspoonful  of  tartaric  acid  followed  by 
the  same  quantity  of  sodium  bicarbonate.  This  procedure  is 
alco  useful  in  palpating  tumors.  Another  method  ia  to  give  a 
glass  of  water,  and  by  auscultatory  percussion  note  lower  (flat 
sound)  border  of  stomach. 

Transillumination  of  the  stomach  is  rendered  more  oiTective 
(Kemp)  by  introducing  into  the  empty  stomach  a  solution  con- 
taining 1^  grain  fluoreecin  and  15  grains  N'aHCOs  to  the  pint  of 
normal  salt  solution. 

MILK. 

Mothers'  milk  taken  to  be  tested  should  be  either  a  speci- 
men from  the  whole  brea.stful  or  n  sample  taken  about  midway 
in  nursing.    The  milk,  whether  human  or  bovine,  should  be  well 
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mixed  by  shaking  before  the  quantitative  tests  are  applied.  It 
ought  to  be  as  fresh  as  possible.  The  quantity  for  each  test  is 
best  measured  with  a  graduated  pipet. 

The  reaction  of  milk  is  ascertained  by  means  of  both  red 
and  blue  litmus-paper.  Human  milk  is  normally  alkaline. 
Fresh  cows'  milk  is  amphoteric — ^acid  (phosphates)  to  litmus, 
alkaline  (carbonates)  to  turmeric.  Its  color  and  consistence 
should  be  carefully  noted.  The  whiter  and  more  opaque,  the 
richer  the  milk  is,  unless  adulterated. 

The  specific  gravity  may  be  determined  by  bieans  of  a 
cylinder  and  a  correct  hydrometer  or  Quevenne's  lactodensime- 
ter  (reads  from  15  to  40 — ^prefix  1.0  for  sp.  gr.),  or  more  accu- 
rately with  the  picnometer  or  the  lactometer.  This  latter  instru- 
ment is  so  graded  that  0°  on  its  scale  represents  a  sp.  gr.  of  1, — 
that  of  water, — while  100**  is  equivalent  to  a  sp.  gr.  of  1.029, 
the  normal  minimum  of  good  milk,  and  120°  to  1.034.  The 
sp.  gr.  is  obtained  by  multiplying  any  degree  on  the  scale  by 
0.29  and  prefixing  1.0. 

Genuine  cows'  milk  usually  ranges  from  105**  to  120**. 
Skim-milk  is  heavier.  Watered  milk  is  of  low  specific  gravity: 
below  100**  if  sufficient  water  has  been  added.  Natural  rich 
Jersey  milk  is  generally  heavy.  Any  whole  milk  that  stands 
above  1.033  is  nearly  certain  to  have  been  skimmed,  while  that 
below  1.029  is  nearly  always  watered.  In  making  corrections 
for  temperature  one  hydrometer  degree  approximately  may  be 
subtracted  for  each  10**  P.  below  the  standard  of  the  hydrom- 
eter, or  one  degree  added  for  each  10**  P.  above  this  standard. 
The  reading  should  be  taken  within  a  half  minute  after  immer- 
sion. The  milk  should  not  be  tested  within  three  hours  of 
leaving  the  cow. 

The  percentage  of  cream  by  volume  is  ascertained  by  mean^ 
of  the  creamometer,  which  is  simply  a  small  cylinder  graded  in 
hundredths  and  kept  closed  with  a  glass  stopper.  The  percent- 
age of  cream  is  quite  variable  as  to  the  amount  of  fat,  depending 
on  dilution,  agitation,  temperature,  and  other  factors.  Speci- 
mens that  contain  the  least  fat  may  yield  the  most  cream,  and 
a  milk  that  has  been  watered  will  in  a  few  hours  separate  a 
thicker  layer  of  cream  than  if  it  had  not  been  watered.  The 
amount  of  cream  that  separates  in  twenty-four  hours  is  from 
10  to  12  per  cent,  in  ordinary  and  15  to  20  per  cent,  in  good 
milk.  Less  than  10  per  cent,  of  cream  with  a  sp.  gr.  above  1.033 
denotes  skimming.  Less  than  20  per  cent,  with  a  sp.  gr.  below 
1.029  shows  that  the  milk  has  been  watered.  The  fat-content 
of  cream  is  from  one-third  to  one-half. 

Determination  of  Total  Solids. — ^Weigh  into  a  tared  platinum  dish 
or  watch-glass  5  c.c.  of  milk,  evaporate  on  the  water-bath  to  dryness 
(about  three  hours),  then  transfer  to  the  water-  or  air-oven  at  100®  C. 
until  it  ceases  to  lose  in  weight  (about  three  hours),  cool  in  desiccator, 
and  weigh. 
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Itetemiliuitloa  of  Aih. — The  mineral  residue  is  eBtimated  by 
caretu]  ipiition  of  the  total  residue  at  a  dull-red  heat  until  the  organic 
matter  ia  burned  olT  and  the  sediment  becomes  gray-white  in  color  and 
ceases  to  lose  in  weight.  Adulteration  with  chnik,  borax,  etc.,  increoaea 
both  the  total  solids  and  the  Hsh  (above  1  per  cent),  Phoaphates, 
chtorids.  and  sulphates  may  be  separated  by  the  ordinary  testa. 

Determination  of  Fat. — In  the  Wer'ncr-Schmid  method  10  c.c.  of 
milk  are  mixed  with  10  ce.  of  strong  HCl  in  a  lon^  test.tube  with  a 
capacity  o/  50  c.c.  The  mixture  ia  brought  to  a  boil  (til!  the  liquid 
turns  deep  broivn,  but  not  black)  ;  then  cooled,  30  c.c  of  ether  added, 
and  the  tube  corked  and  shaken  well,  &b  soon  is  the  ether  separated,  a 
wash-bottle  cork-stopper  (lower  end  of  exit  tube  with  a  short  curve  and 
opening  just  above  the  line  of  separation)  is  inserted  and  the  ether 
blown  off  into  a  tared  flask.  Ten  c.e.  more  of  ether  are  added  twice,  and 
blown  o(T  as  before.  The  ether  is  now  distilled  from  the  flask  and  the 
fat-residue  dried  in  the  water-oven  and  weighed. 


Fig.   71.-F( 


Another  simple  method  of  estimating  the  milk-fat  is  by  treating 
the  total  solids  with  excess  of  ben;;in  four  times,  boiling  down  on  the 
wat^rbath  each  time  to  half,  and  decanting.  The  loss  of  weight  in  the 
residue  etjuals  the  fat. 

8iQce  the  opacity  of  milk  varies  with  the  amount  of  contained  fat, 
pioicopic  methods  are  of  service  in  estimating  this  constituent.  Feser's 
lactoscopc  consists  of  a  glass  cylinder  constricted  at  the  lower  closed  end, 
in  the  axis  of  which  projects  a  small  plug  of  white  glass  marked  with  a 
few  horizontal  black  lines.  Four  c.c.  of  milk  are  introduced  into  the 
instrument,  concealing  the  black  lines.  Pure  water  is  then  added,  with 
frequent  shaking,  until  the  lines  become  visible.  The  surface. level 
of  the  liquid  in£e«tei  the  percenta^  of  fat  in  the  specimen,  as  shown 
by  the  graduation  on  the  vessel.  With  a  little  experience  the  readings 
can  be  made  accurate  witliin  0,25  tier  cent.  Opacity  due  to  suspended 
chalk  or  starch  is  differentiated  with  the  microscope. 

The  official  method  for  detection  of  fnt  in  milk  is  that  of  Adams. 
Ten  c.c.  of  milk  is  absorbed  by  n  coiled  strip  of  fat-tree  bibulous  paper, 
about  2  X  24  inches  in  size  and  tied  with  a  thread  or  wire.  Tliis  ia 
dried  on  a  watch-glass  in  the  water-oven  for  an  hour  or  more,  and  then 
placed  in  the  middle  cliamber  of  a  Soxhiet  extractor.  The  tared  flask 
(160  c.c)  at  the  bottom,  containing  75  c.e.  of  ether,  is  heated  cautiously 
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-on  the  water-bath.  The  ether-vapor,  condensing  in  the  upper  part  of  the 
apparatus,  flows  bock  through  the  paper  into  the  llaak.  Alter  ten  such 
siphon-waahinga,  lasting  one  to  one  und  one-half  hours,  the  flaek  is 
<!elRched  and  connected  with  a  condenser  and  the  ether  distilled  off.  The 
fat-residue  is  dried  in  the  air-oven  at  100°  to  105°,  cooled,  and  weighed. 

Babeook  Test  of  Milk-fat  .—Add  to  17.0  c.c.  of  well-mixed  miUc  or 
IB  c.c.  of  cream,  about  17.5  c.c.  ot  commercial  H2&O4  (color  at  line  of 
junction  should  be  greeniah);  shake  bottle  gently,  place  in  centrifu^, 
and  whirl  for  five  miDutee;  add  boiling  water  to  twse  of  neck,  and  whirl 
a  minute  or  two;  again  add  boiling  water,  so  that  melted  fal  reaches 
nearly  to  top  mark  on  scale,  and  whirl  again  one  minute;  before  rtiading 
percentage  of  fat,  pour  some  boiling  water  over  outside  of  neck  of 
bottles,  to  make  sure  that  fat  is  melted. 

Babcock  Hetbod  for  Determination  of  Fat  in  Human  Kllk. — In- 
troduce S  u.c.  milk  into  enecial  centrifuge  tube,  tben  an  equal  volume  of 
strong  E2SO4,  and  enough  of  a  mixture  of  equal  parts  of  amjl  alcohol 
and  cone.  HG  to  fill  tube  to  neck,  Centritugate  for  five  minutes.  Pour 
in  hot  water  till  fat  risea  to  neek,  then  ro^te  two  minutes  more,  add 
more  hot  water  until  fat  layer  is  within  scale;  rotate  one  minute  more 
and  read  percentage  directly. 

Estimation  of  Proteldt. — Casein  can  be  pptd.  by  diluting  JO  c.c. 
■of  milk  with  50  c.c.  of  water,  warming  on  the  water-bath  to  40°,  adding 
2.5  c.c.  of  10  per  cent,  alum  solution,  and  stirring  thoroughly.  After 
fifteen  minutes  the  finely  Hocculent  ppt.  should  be  removed  by  filtration, 
washed,  and  determined  by  the  Kjeldahl  method  for  N  (see  "Urine"), 
the  result  being  multiplied  by  8.37  to  obtain  the  weight  of  casein.  To 
the  filtrate  from  the  alum  ppt.  add  10  c.c.  of  Aliii^n's  tannin  solution 
(10  gm.  ot  tannin,  10  c.c.  of  25  per  cent,  acetic  acid,  90  c.c.  of  alcohol, 
and  100  c.c.  of  water).  This  ppts.  albumin  and  globulin,  which  may  be 
estimated  in  just  the  same  way  as  casein.  The  total  N  cim  also  be 
estimated  by  placing  10  c.c.  of  milk  in  a  Kjeldahl  fiask,  adding  15  c.c. 
-of  H2SO4,  and  testing  ai  alrove. 

These  proteins  are  often  determined  by  difference.  They  may  also 
be  pptd.  with  tannin.  The  ppt.  is  dried  and  washed  with  1  part  of 
alcohol  and  3  parts  of  ether  till  the  washings  show  no  trace  of  tannin 
with  iron  solution,  then  dried  and  weighed. 

Anstln'i  Centrifngal  Itethod  for  Bstimating  Proteins  in  Milk. — 
Place  5  c.c.  of  milk  in  a  graduate  and  dilute  witli  water  to- 26  c.c,, 
mix  well  and  fill  a  graduated  sedimentation  tube  to  5  c.c.  with  this  dilute 
milk,  and  to  15  c.c.  with  Esbach's  solution  (see  under  "Urine");  the 
-whole  is  then  to  be  centrifuged  for  3  minutes.  The  amount  of  ppt.  in  c.c. 
X  6  -;-  2  (tor  fat)  ^=  petceutage  of  whole  protein  content.  To  make  a 
separate  determination  of  casein  and  of  lactalbumin  and  globulin, 
dilute  6  c.c.  of  milk  to  50  c.c.  with  distilled  water,  and  add  cautiously 
10  per  cent,  acetic  acid  until  a  ppt.  hegins  to  form,  then  pass  COj 
through  for  15  minutes.  Filter  out  casein,  and  divide  filtrate  into  two 
eifunl  parts:  one  is  concentrated  to  leds  than  5  c.c.  over  a  water  Iwth  at 
-00°  (so  that  coagulation  does  not  take  place),  washed  into  a  graduated 
sedimentation  tube  with  a  drop  or  two  of  water,  the  tube  then  filled  to 
-5  c.c,  and  the  quantity  found  us  before  for  total  proteins,  regarding 
each  tenth  of  the  tube  as  4io  of  1  per  cent.  This  multiplied  by  2  gives 
albumin  and  globulin,  and  subtracted  from  total  proteins  leaves  casein. 
The  other  half  may  bo  used  for  the  sugar  estimation,  after  removing 
albumin  by  boiling  with  a  tiny  portion  of  dilute  acetic  acid.  The 
amount  of  sugar  necessary  to  decolorize  10  c.c.  of  diluted  Fehling's 
solution  =  0.0Q7  gram. 

Another  method  for  estimating  sugar  of  milk  is  to  acidulate  with 
HCI.  trail,  filter,  wash,  and  then  boil  filtrate  again  for  an  hour  or  so  to 
liydrolyre  all  tlie  lactose  to  glucose,  which  may  then  be  estimated  with 
Furdy's  solution. 

Short  Methods. — A  number  of  formulas  have  been  devised  by  ex- 


(T)  are  known,  tlw 


For   poor  skin 
should  be  employed 


periment  to  save  time  nnd  trouble  in 

tbe  three  data,  »p.  gr.  (G).  fat  (F),  nnd  total  » 
third  can  be  cnlculated  by  the  following  formulas  ;- 

^_P-o,ai86G'mt  two  ngurea) 
O.gJB 
F  =  O.8S0  T  —  0.2186  O  (laat  tn-0  figuroa) 

■milk,  when   z,    exceeds  2.S,  tliia  modified  (armulA 

F  =  0.S69  T  —  0.2186  O  —  0.05(^  —  2,5) 

The  following  is  a  formula  to  determine  the  amount  of  skimming:  — 
S  (solids  not  fat)  —  F  x  %  =  s,  or  amount  of  fat  removed. 
The  degree  of  watering  ia  estimated  by  this  formula:  — 
SolidB  not  liil^joo  __  percentage  of  pure  milk  present. 

For  ordinnry  purposes  the  residue  left  from  removal  of  the  fat 
(by  treating  with  IS  volumes  of  ether  and  filtering)  is  exhausted  with 
weak  boiling  alcohol  to  entrnct  the  sugar.  This  is  filtered  and  the 
filtrate  evaporated  to  dryness  and  weighed.  The  scHind  residue  ia 
ignited  and  the  proteins  determined  by  deducting  the  weight  of  the 

Farrlngton  and  Woll'i  Itnle. — Divide  densimeter  reading  by  4, 
add  to  this  i^  the  percentage  of  fat;  result  is  solids  not  fat. 

Detection  of  SterilUed  Xflk  (Storcli).— First  add  a  very  dilute 
starch  and  KI  solution,  and  then  a  drop  or  two  of  1:  10  HjOj.  Milk 
heated  above  175°  F.  remains  unchanged)  fresh  milk  or  milk  not 
heated  to  this  temperature  is  colored  blue. 

Microscopically  one  finds  many  leucocytes  in  caaes  of  mAS- 
litis  with  absctBS-foriiiiitioii.  The  stapliylocuccua  pyngenee 
nlbua  is  nearly  always  present  in  breast-milk.  Streptococci  are 
numerous  in  cases  of  infection.  According  to  von  Jaksch,  the  tu- 
bercle bacillus  if<  occasionally  present  in  the  milk  of  phthisio 
women.  Bacteria  gaming  access  to  pasteurized  milk  prow  bet- 
ter than  in  fresh  milk. 

Finding  TvbeTcle  BaoUlI  In  >Ulk  (BrooXa).— Shake  well  60  c.o. 
of  the  milk  with  10  c.c.  of  phenol;  take  centrifugalized  sediment,  dry 
in  flame,  wash  for  a  few  minutes  in  equal  parts  of  alcohol  and  ether 
to  remove  fat,  dry  again  and  stain  in  usual  way. 


THE    URINE. 

In  the  practical  examination  of  the  urine  for  clinic  pur- 
poses one  should  have  a  part  or  tlie  whole  of  the  mined  urine 
lor  twenty-four  hours:  say,  from  7  a.m.  to  7  A.M.  Tlie  urine 
is  kept  in  a  cool  place  in  a  clean,  well-corked,  half-gallon  bottle, 
into  which  has  been  dropped  an  ounce  of  a  saturated  aqueous 
solution  of  boric  acid,  or  5  grains  of  chloral  hydrate  or  salicylio 
acid  to  the  pint.  Immediately  after  each  micturition  the  urine 
passed  should  be  added  to  the  bottle  and  the  cork  replaced.  \ 
Whenever  possible,  for  microscopic  e.x.imiuation,  the  urine,  espa-  J 


The  intense  yellow  color  after  taking  cascara,  rliubarb,  and 
geona  is  due  to  ehrysophanic  acid  (brilliant  red  on  treating  with 
alkalies;  soluble  in  ether).  Powdered  Zn  removea  the  red  color 
of  chrysophanic  acid,  but  not  of  santonin.  FeCIs  added  to  the 
urine  turns  it  dark  after  taking  tannin  or  arhovin.  There  may 
be  a  black  deposit  in  the  urine  from  large  doses  of  Bi.  Balsam 
copaiba  in  urine  sometimes  gives  a  red  cloud  on  adding  HCl, 
turning  violet  on  lieating.  Naphtalin  gives  a  blue  fluorescence 
on  adding  a  few  drops  of  NHtHO. 


FiB.  n.—Taraj-a  Electric  CenlrWug*. 

Pathologically  the  urine  is  very  pale  in  hysteria,  dread, 
and  anxiety;  after  convulsions,  and  in  diabetes  inBipidus,  In 
diabetes  melHtus  it  Is  pale  and  opalescent,  often  with  a  greenish 
tinge  if  there  is  much  sugar.  It  is  also  pale  in  chronic  inter- 
stitial nephritis,  chronic  diffuse  nephritis,  amyloid  disease,  hydro- 
nephrosis, anemia,  chlorosis,  and  convalescence  from  acute  affec- 
tions. Milky  urine  is  noted  in  pyuria  (pyolitia,  cystitis,  gonor- 
rhea), phoephaturifl,  and  chyluria. 

The  urine  is  generally  high-colored  in  renal  congestions, 
acute  nephritis,  and  acute  febrile  and  inflammatory  dieoasee. 
It  is  rendered  darker  by  concentration  from  any  can=e  (diar- 
rhea, vomiting,  sweating  freely)  and  in  melancholia.  In  hema- 
turia {cancer,  sarcoma,  or  trauma)  the  blood  is  red  or  smoky; 
in  hematuria  it  is  smoky-brown  or  even  black :  in  hemogloBi- 
nuria  (malaria,  scarlet  fever,  KCIOji  poisoning)   it  is  pink  or 
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even  porter-colored.  Carbolic  acid  poisoning  renders  the  urine 
dark-brown  to  greenish-black,  especially  on  standing  (turns 
alkaline),  from  oxidation  of  pyrocatechin ;  the  same  color  is 
noted  in  poisoning  by  creosote,  cresol,  guaiacol,  cyanids,  or  tri- 
onal  or  arsin.  In  sulphonal  poisoning  the  urine  is  brown-red, 
or  almost  black,  from  hematoporphyrin. 

Choluria,  or  the  presence  of  bile,  is  marked  by  a  bright- 
yellow  to  green-brown  or  porter  color,  with  a  yellow  foam  on 
shaking.  It  is  dark-yellow,  nearly  black,  in  pathologic  uro- 
bilinuria.  The  normal  yellow  hue  gradually  turns  black  after 
eating  damson  plums;  the  change  takes  place  at  once  on  adding 
oxidizing  agents,  such  as  HNO3  or  PeCls.  A  mixture  of  urates 
and  phosphates  or  pus  and  phosphates  exhibits  a  dark-gray 
appearance.  In  pernicious  anemia  the  urine  may  be  dark-brown 
(urobilin).  Black  urine  (especially  after  standing)  is  noted  in 
persistent  jaundice,  melanotic  sarcoma,  marked  indicanuria  (dis- 
appears on  pptg.  with  milk  of  lime),  some  cases  of  phthisis 
(after  urine  has  stood  a  long  time),  and  alkaptonuria.  Alkap- 
tonuria is  often  observed  in  brothers  and  sisters.  Alkapton  is 
probably  a  derivative  of  tyrosin. 

The  urine  is  purple  or  pinkish  in  color,  from  excess  of 
urates,  in  acute  gout,  rheumatism,  pneumonia,  and  liver  disor- 
ders (lithemia).  It  is  rosy  in  chyluria  with  hematuria,  due  to 
filariasis.  It  rarely  shows  a  dirty-blue  or  green  scum  in  cholera, 
typhus,  cystitis,  or  nephritis,  from  decomposition  of  excess  of 
indican.  In  trional  poisoning  it  shows  a  cherry  tinge.  In  bac- 
teriuria  the  urine  is  grayish  and  opalescent.  The  urine  is  some- 
times phosphorescent  in  healthy  persons  during  micturition. 
The  normal  fluorescence  of  urine  is  increased  by  the  presence  of 
albumin  or  by  ammoniacal  decomposition.  Deep-blue  urine  when 
freshly  voided,  has  been  noted  with  non-pigmented  carcinoma 
of  stomach  or  liver.  Normal  urine  is  feebly  levorotatory,  from 
traces  of  phenol,  indol,  skatol,  and  glycuronates.  Albumin  and 
globulin  increase  this  property. 

ODOR. 

The  slightly  aromatic  odor  of  fresh  urine  is  due  to  minute 
amounts  of  phenylic,  taurylic,  damolic,  and  damoluric  acids  and 
volatile  ethers.  The  strong  urinous  odor  of  decomposed  sam- 
ples is  due  to  ammonium  carbonate  and  sulphid.  Nearly  every 
old  urine  emits  an  odor  of  H2S  when  treated  with  mineral  acids. 

The  more  concentrated  the  urine,  the  stronger  is  its  odor. 
On  standing  for  some  days  (sooner  in  warm  weather)  it  becomes 
ammoniacal  and  putrescent.  Characteristic  odors  are  imparted 
by  the  ingestion  of  asparagus  (very  offensive,  methyl  mercaptan), 
asafetida,  cabbage,  carbolic  acid,  cauliflower,  copaiba,  cubebs, 
garlic,  parsnips,  saffron,  santal-oil,  spices,  Tolu,  valerian,  etc. 
Turpentine,  eucalyptus,  and  terebene  give  a  scent  like  violets. 
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TTrine  wLich  is  pungent  and  ammoniacal  when  first  passed 
IB  characteristic  of  chronic  cystitis  or  paralytic  retention.  It 
is  peculiarly  putrid  in  pyelitis  and  pyonephrosis.  The  aroma  is 
Bweet  and  fruity  or  hay-Hke  in  diabetes  mellitus  with  acetonuria 
(like  apples  or  chloroform),  The  smell  is  offensive,  like  stale 
fish,  in  bacterluria.  It  is  almost  absent  in  obstructive  retention, 
forming  cysts.  A  fecal  odor  is  a  sign  of  rcctovesic  fistula  or 
abscess.  The  urine  is  fragrant,  like  sweet-hrier,  in  cystinuria; 
but  when  the  cyetin  decomposes  it  smells  like  sewer-gas.  HjS 
may  be  formed  in  the  bladder  by  bacterial  infection,  or  may  be 
resorbed  from  the  intestines  or  from  a  depot  of  pus  adjoining 
the  bladder. 

TKAXSPASEITCT. 

Normal  urine  is  quite  clear  when  freshly  passed.  On  stand- 
ing a  slight  cloud  of  mucus  and  epithelia  forms  near  the  bottom 
in  a  few  minutes;  on  cooling  to  near  f.  p.  a  "trick  dust"  sedi- 
ment of  acid  urates  is  frequently  seen,  especially  i£  the  urine 
IB  scanty;  it  becomes  duU  and  opaque  from  fission-fungi  in 
twenty-four  to  forty-eight  hours;  alkaline  fermentation  is  ac- 
companied by  cloudiness,  due  to  earthy  and  triple  phosphates, 
ammonium  urate,  and  bacteria.  Diminished  pigmentation  tends 
to  ppt.  uric  acid  crystals.  A  temporary  cloHdiness  occurs  from 
excess  of  vegetable  ifood-salts  or  from  mental  strain  (fixed  alka- 
line reaction).  Permanent  cloudiness,  or  "phosphaturia,"  de- 
pends on  low  acidity,  with  consequent  precipitation  of  earthy 
phosphates,  and  is  due  to  nervous  debility  or  indigestion  with 
hyperchlorhydria.  The  urine  is  oft«i  turbid  in  fevers  from 
precipitation  of  urates  (white,  yellow,  brown,  or  pink).  Crystal- 
line sodium  urate  is  occasionally  observed  in  acute  febrile  dis- 
eases of  children.  A  deposit  of  uric  acid  and  urates  witliin 
three  or  four  hours  takes  place  in  disorders  of  the  digestive 
apparatus;  this  precipitation  takes  place  at  once  or  nearly  so 
in  calculus.  Early  deposition  of  the  acid  also  occurs  in  con- 
valescence from  febrile  complaints,  particularly  articular  rheu- 
matism; the  middle  period  of  chronic  interstitial  nephritis; 
chorea,  diabeteSj  and  enlarged  spleen.  Infarcts  of  uric  acid  are 
common  in  infants,  who  strain  and  cry  out  when  passing  water; 
there  is  a  pink  or  yellowish  sandy  deposit  on  the  diapers.  Cloudy 
urine  (epithelia  and  urates)  is  the  nile  during  tlie  first  days  of 
life.  Opalescence  may  be  due  to  various  substances  (blood,  for 
example)  in  suspension. 

The  presence  oE  a  sediment  of  a  normal  ingredient  is  no 
indication  whatever  of  e.icess  or  of  the  amount  in  any  way;  but 
ratber  of  some  change  in  the  reaction  or  concentration  of  the 
urine.  The  following  short  list  will  aid  in  differentiating  the 
most  common  forms  of  sediment  and  cloudiness: — 

1.  Turbidity  cleared  by  heat  (below  b.p.)  or  an  alkaline 
hydrate  =  urates  (acid  varieties,  pink,  yellow,  or  fawn-colored; 
ammonium  urate,  white). 


534  CLINIC  CHEMISTRY. 

2.  Not  cleared  by  heat,  but  with  acetic  acid  =  phoBphatcB 
(whitish). 

3.  iDsoluble  in  acetic,  but  soluble  in  hydrochloric,  acid  = 
calcium  oxalate  (whitish,  reEembliDg  cloud  of  mucus,  and  mixed 
with  it;    "envelope"  microscopic  crystals). 

4.  Cleared  up  by  ammonium  hydrate,  but  not  by  heat^ 
eystin  (greenish). 

5.  Intensified  more  or  less  by  heat  and  acids : — 

Blood :  red,  smoky,  or  chocolate  brown ;  microscopic  cor- 
puscles. 

Mucus :   white  and  stringy ;   liquefied  by  liquor  potassie. 
Pus:    white  and  creamy;  made  gelatinous  by  liquor  po- 

taSElE. 

Semen  or  epithelia:  both  diagnosed  only  with  the  micro- 
scope, 

6.  Unaffected  by  heat,  chemic  agenta,  or  filtration  =^  bac- 
teria (B.  protei,  bacterium,  and  micrococcus  ureje;  mold  or 
yeast-plants,  and  specific  germs).  Cleared  by  treating  with 
animal  charcoal  and  filtering. 

7.  Granular  precipitate  resembling  Cayenne  pepper  (some- 
times brown  or  yellow  and  rarely  white)  =uric  acid. 

8.  Milky  appearance,  most  marked  near  top  of  fluid  =  fat 
or  chyle  (both  cleared  more  or  less  by  shaking  with  ether).  A 
milky  appearance  of  the  urine  may  also  be  due  to  the  spontaneous 
separation  out  of  albumose. 

COHSISTEHCE. 

Normal  urine  ia  limpid  and  neariy  aqueous.  It  is  thick, 
viscid,  and  ammoniacal  in  chronic  cystitis.  In  fibrinuria  it 
gelatinizes  on  standing,  forminjr  a  grayish  congulum  insoluble 
in  water,  but  dipsolved  by  pepsin  and  1  per  cent.  HCl.  In 
chyluria  with  fibrinuria  the  pink  urine  may  coagulate  into  jelly- 
like  clots  before  voiding.  Croupous  coagula  have  been  noted 
after  too  strong  urethral  injections.  In  the  sediment  of  urogen- 
ital tuberculofis  there  are  pinhead,  crumb-like  flocculi  consisting 
of  pus  cells,  fatty  detritus,  and  colonies  of  bacilli.  Shreds  of 
mucous  membrane  are  occasionally  exfoliated  in  acute  septic 
cystitis.  The  presence  of  albumin,  sugar,  or  bile  gives  rise  to 
a  persistent  foam  on  shaking.  In  distilling  urine,  add  H3PO4 
to  prevent  frothing. 

CHEKIC  REACTION. 

The  reaction  of  the  urine  is  normally  sliffhtly  acid  (alkaline 
as  it  leaves  the  capsule)  and  due  to  N'aH2P04.  which  is  derived 
from  the  \a2HPO4  of  the  blood  by  reaction  with  carbonic,  uric, 
hippuric,  and  sulphuric  acids. 

Acid  urine  is  secreted  from  nn  alkaline  blood,  because  the 
PO4    radical   ia  not   readily   reabsorbed   from   the  glomerules. 
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whereas  HO  and  CO3  are  easily  absorbed.  Normal  urine  is 
never  alkaline  to  phenolphthalein  or  acid  to  methyl-orange,  and 
corresponds  to  the  interval  in  reaction  between  NaH2P04  and 
NaoHP04.  An  amphoteric  urine  results  when  the  acid  equiva- 
lents of  Na2HP04  equal  the  basic  equivalents  of  NaH2P04. 
The  degree  of  acidity  is  estimated  in  the  usual  way  with  deci- 
normal  alkali,  using  litmus  as  an  indicator.  The  mixture  of 
acid  and  neutral  phosphates  interferes  with  the  end-reaction, 
making  the  findings  a  trifle  high.  The  total  acidity  corresponds 
to  2  to  4  gm.  of  oxalic  acid;   in  hyperacidity  it  may  readi  10. 

Determination  of  Total  Acidity  of  Urine. — ^Treat  25  c.c.  of  urine 
with  1  or  2  drops  of  0.5  per  cent,  alcoholic  solution  phenolphthalein 
and  15  gm.  powdered  K2G2O4,  shaking  the  solution  for  a  minute  and 
titrating  at  once  with  n/iQ  NaHO,  shaking  the  flask  during  titration. 
The  average  total  acidity  for  the  24-hour  urine  (about  6(K)  c.c.  n/^o 
alkali)  is  nearly  equally  divided  between  mineral  and  organic  acidity. 
One  per  cent,  alizarin  gives  a  pure  yellow  if  free  acids  are  present-- 
deep  violet  with  combined  acid  salts;  absence  of  either  color  shows  acid 
and  alkaline  salts  (Na2HP04).  The  amount  of  n/xo  HCl  required  to 
produce  a  pure  yellow  color  =  alkaline  salts.  The  amount  of  n/^o 
KaOH  needed  to  give  a  deep  violet  color  =  acid  salts. 

The  urine  is  sometimes  alkaline  after  meals,  especially  if 
much  vegetable  food  has  been  taken,  said  alkalinity  being  due 
to  the  carbonates  and  bicarbonates  of  the  alkali  metals.  It  is 
occasionally  amphoteric,  from  the  presence  of  both  acid  and 
alkaline  phosphates,  after  decomposition  of  urea  has  begun, 
bleats  and  cereals  yield  an  acid  ash  and  render  the  urine  more 
acid. 

On  standing  acid  urine  often  becomes  more  acid,  from 
enzyme  action  of  mucus  on  coloring  matters,  causing  lactic  and 
acetic  acid  fermentation.  Usually,  however,  it  becomes  less 
acid,  owing  to  decomposition  of  neutral  urates  by  NaH2P04, 
forming  acid  urates  and  uric  acid,  which  are  insoluble  and  hence 
do  not  influence  the  reaction. 

In  four  or  five  days  (sooner  if  warm  weather,  or  if  feebly 
acid  and  of  low  density)  it  always  undergoes  ammoniacal  fer- 
mentation from  the  action  of  the  fission-fungi  on  urea: — 

N2H4CO  -f  2H2O  =  2(NH4)2C03 

The  surface  of  the  urine  becomes  covered  with  a  film  of  fungi 
and  bacteria,  entangling  crystals  of  ammonium  urate  and  ammo- 
nium ma«rnesium  phosphate.  Organic  acids  formed  by  fermen- 
tation in  the  stomnch,  and  oxitlized  to  carbonates,  may  also  ren- 
der the  urine  alkaline. 

Trinary  acidity  is  increased  by  excess  of  meat,  prolonged 
nnisiiilar  exercise,  and  ingestion  of  chloral  (forming  urochloralic 
acid  with  ^rlycuronic  acid),  snccharin,  and  mineral  (slightly), 
or  h»'nzoic  atids.  Alkalinity  (fixed)  is  favored  by  a  vegetable 
diet,  hot  or  cold  baths,  free  perspinition,  and  alkaline  hydrates 
or  carbonates  and  salts  of  vegetable  acids.    The  normal  acidity 
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is  decreased  after  meals,  often  becoming  neutral  in  three  to  five 
hours,  rising  again  as  the  food  passes  into  the  intestines. 

Pathologically  the  urine  is  sharply  acid  in  lithemia,  gout, 
bronchial  asthma,  acute  rheumatism,  diabetes,  pleurisy,  pneumo- 
nia, and  other  inflammations;  also  in  starvation,  scurvy,  leu- 
kemia, and  chronic  interstitial  nephritis.  Its  hyperacidity  in 
gastric  achlorhydria  (intestinal  putrefaction)  is  due  to  free  fatty 
acids  (lipaciduria). 

Fixed  alkalinity  is  distinguished  by  the  fact  that  the  red 
color  of  the  litmus-paper  is  not  restored  by  drying.  It  is  noted, 
with  deposit  of  earthy  phosphates  (^^phosphaturia"),  in  chlo- 
rosis, anemia,  general  debility,  nervous  dyspepsia,  organic  nervous 
diseases,  resorption  of  alkaline  transudates,  hyperchlorhydria, 
atrophic  gastritis,  and  when  there  is  loss  of  gastric  juice  by 
fistula  or  vomiting,  or  gastric  lavage.  Much  blood  or  pus  in  the 
urine  also  causes  fixed  alkalinity. 

The  volatile  alkalinity  of  ammoniacal  urine  is  shown  by 
the  red  color  of  litmus  being  restored  on  drying.  It  is  observed 
in  freshly  passed  urine,  with  deposit  of  earthy  and  triple  phos- 
phates, in  chronic  cystitis  and  in  retention  of  urine  due  to  para- 
plegia, myelitis,  enlarged  prostate,  or  urethral  stricture.  In 
pyelitis  the  urine  is  always  acid  unless  there  are  complications; 
in  cystitis  due  to  gonorrhea,  tuberculosis  or  uric  acid  stone  it  is 
usually  acid.  The  urine  segregated  from  a  surgical  kidney  may 
be  ammoniacal. 

The  normal  digestive  curve  is  always  increased  in  gastro- 
succorrhea;  it  is  absent  in  atrophic  gastritis,  severe  chronic  gas- 
tritis, and  cancer  of  the  stomach. 

DAILY  auiJmTY. 

This  ordinarily  ranges  from  1000  to  1200  c.c.  for  men ;  900 
to  1000  c.c.  for  women,  and  for  children  relatively  more  than 
for  adults  in  proportion  to  body-weiffht.  There  is  about  1  c.c. 
secreted  per  hour  for  each  kg.  of  boay-weight.  More  is  passed 
in  the  afternoon,  less  in  the  forenoon,  and  least  at  night;  the 
maximum  is  a  few  hours  after  meals.  High  altitudes  and  the 
summer  season  decrease  the  quantity  of  urine. 

The  quantity  of  urine  is  increased  by  cold  and  a  moist 
atmosphere,  nervous  excitement,  moderate  exercise,  liberal  po- 
tations, and  the  use  of  diuretics,  including  alcohol  and  sugar. 
The  quantity  is  decreased  by  vicarious  action  of  the  skin,  bow- 
els, or  lungs;  by  rest;  by  nursing,  and  by  fluid  or  dietary 
abstinence. 

Permanent  polyuria  is  observed  in  both  forms  of  diabetes 
(up  to  10  liters  daily),  and  in  chronic  interstitial  nephritis  (more 
night -than  day) ;  also  in  amyloid  kidney,  cystic  renal  degenera- 
tion, renal  tuberculosis,  pyelitis,  constipation,  cardiac  hyper- 
trophy, formation  of  exudations,  and  in  organic  nervous  lesions. 
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especially  of  medulla  (sugar  also  present  in  about  half  the  cases 
of  hemorrhage).  Diabetes  insipidus  is  usually  due  either  to 
cerebral  syphilis  or  injury  to  the  nervous  system. 

Temporary  or  paroxysmal  polyuria  is  noted  in  hydro- 
nephrosis, alternating  with  periods  of  diminution;  in  convnles- 
cence  from  acate  affections,  particularly  with  resorption  of 
serous  effusions;  also  in  hysteria  (hydruria),  excitement,  and 
some  cases  of  nervous  debility,  TOnnjlsions.  chorea,  and  mi^aine. 

Oliguria  \b  Been  especially  in  acute  and  chronic  diffuse 
nephritis  and  in  renal  congestion  (Increased  quantity  in  first 
stage  of  active  variety)  from  canthand^,  turpentine,  etc.  Otlier 
causes  of  diminished  urine  are  the  fastigium  and  defervescence 
of  acute  fevers,  diarrhea,  dysentery,  cholera,  persistent  vomiting, 
gastric  dilation,  pyloric  stenosis,  cardiac  dilation  and  insuffi- 
ciency, chronic  lead  poisoning,  hepatic  cirrhosis  with  dropsy, 
melancholia,  emphysema,  and  chronic  bronchitis.  In  renal  cal- 
culus the  amount  of  urine  is  temporarily  diminished,  with  pain 
and  frequent  micturition,  becoming  copious  when  the  obstruction 
is  removed. 

The  amount  of  urine  (Croftan)  is  an  index  of  blood-pres- 
sure, since  it  depends  on  the  state  of  the  renal  epithelia  and  the 
rapidity  of  blood-flow  through  the  kidneys.  Under  normal  cir- 
cumstances the  hourly  daily  excretion  is  double  the  nocturnal 
hourly  secretion.  The  opposite  condition  (nycturia)  obtains  in 
many  prostatic,  vesical,  and  renal  affections,  and  in  extra-urinary 
diseases  accompanie<l  by  myocardial  weakness. 

Partial  or  complete  suppression  (anuria)  is  pometimes 
noted  in  acute  and  chronic  nephritis,  and  following  ether  anes- 
thesia, reflex  shock  from  operation  (particularly  genito-urinary), 
catheterization  (urinary  fever),  internal  injuries,  severe  hemor- 
rhages, or  strangulated  bowel.  Obstructive  suppression  is  en- 
countered when  the  ureter  is  plugged  by  a  calculus  and  the 
ofJier  kidney  is  absent  or  non-functionating;  obstruetion  of 
ureters,  by  valves  or  twists,  by  a  colon  growth  or  by  a  tumor  at 
the  vesie  orifices,  and  by  irritation  reflected  to  the  kidneys  from 
a  diseased  bladder,  enlarged  prostate,  or  old  stricture  (this 
form  is  transient  and  may  follow  a  debauch).  Suppression  is 
also  noted  in  some  eases  of  hysteria,  puerperal  eclampsia,  the 
algid  stage  of  cholera,  grave  fevers  and  in fl animations,  and  toward 
the  fatal  end  of  renal  and  other  diseases.  In  thrombosis  of  the 
renal  vein  anuria  is  preceded  by  the  passage  of  blood  and  blood- 
casts.  In  obstructive  suppression  the  urine  is  pale  and  watery, 
with  no  albumin  or  casta,  as  a  rule.  In  non-obstructive  suppres- 
sion the  urine  is  concentrated  and  is  likely  to  contain  albumin, 
blood,  and  casts.  Ketention  of  urine  in  the  bladder  may  be  due 
to  urethral  obstruction  (calculus,  abscess,  stricture,  spasm),  or 
a  paralyzed  bladder,  and  is  readily  diagnosed  by  percussion  and 
catheterization.      Saline    diuretics    act    by    increasing   osmotic 
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plethora  and  consequent 


pressure  of  plasma,  causing  hydremic 
rise  of  blood -pressure. 

STECinC  GBAVITT. 

This  is  determined  by  means  of  a  urinometer  and  jar,  or 
more  exactly  by  the  Westphal  balance.  The  best  urinometer  is 
that  of  Squibb,  with  a  spindle-shaped  bulb  and  a  fluted  cylinder. 
When  the  temperature  of  the  urine  is  not  the  same  as  the  stand- 
ard of  tlie  instrument,  about  6"  F.  may  be  allowed  for  each  degree 
above  or  below  this  standard  (^  urinometer  degree  for  each  C. 
degree  of  temperature  above  or  below  standard).  The  sp,  gr. 
beads  are  convenient  for  very  small  amounts  of  urine. 


,— Squibb' B  UrlDometer 


The  normal  sp.  gr.  of  urine  ranges  from  1,015  to  1.025. 

In  young  infants  it  is  often  beJow  1.005.  The  sp.  gr.  varies 
inversely  with  the  quantity,  as  a  rule;  hence,  is  higher  in  sum- 
mer than  in  winter.  It  is  raised  by  excess  of  prot«id  foods  or 
salt«  (medicinal  or  alimental),  active  muscular  exercise,  and 
copious  diaphoresis.  It  is  lowered  by  fasting,  chilling,  nervous 
excitement,  milk  and  vegetable  diet,  and  the  imbibition  of  much 
fluid. 

Pathologically  the  urine  is  of  high  sp.  gr.  in  acute  fevers 
and  inflammations,  goutiness,  dyspepsia,  melancholia,  most  cases 
-of  functional  albuminuria,  acute  diffuse  nephritis,  cyanotic  renal 
induration,  and  markedly  with  polyuria  in  diabetes  mellitua. 

A  low  sp.  gr.  is  the  rule  in  all  forms  of  Bright's  disease 
(with  oliguria  or  polyuria)  and  renal  insufficiency  except  the 
two  nbtve  mentioned.  A  fall  of  density  may  precede  uremic 
con^Tilsions  for  several  days.  The  density  is  also  reduced  in 
pychtis,  chronic  cystitis  (urea  broken  up  and  volatilized),  dia- 
betes insipidus  (may  be  1.000  to  1.005),  hysteria,  anemia,  chlo- 
rosis, Fcnility,  cachexia?,  organic  liver  disease,  and  most  chronic 
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diseases  attoiided  with  inanition;  serous  exudations  (dropsy  or 
edema)  ;  after  copious  sweating,  vomiting,  or  diarrhea;  in 
convalescence  from  acute  diseases,  and  toward  the  fatal  end  of 
acute  maladies.  A  low  sp.  gr.  with  a  high  color  is  specially 
significant  of  the  approach  of  death  in  chronic  diseases.  Gen- 
erally speaking,  decrease  of  sp.  gr.  without  a  corresponding 
increase  of  water  is  a  bad  sign. 

TOTAL  SOLIDS. 

The  average  daily  quantity  of  total  solids  in  the  male  adult 
is  about  70  gm.,  of  which  nearly  Vij  is  urea,  %  NaCl,  and  ^5 
phosphates.  In  each  1000  c.c.  of  urine  there  are  about  967 
parts  of  water  and  33  parts  of  solids,  %  being  organic  and  % 
inorganic. 

The  total  solids  in  gm.  per  1000  c.c.  can  be  calculated  ap- 
proximately by  multiplying  the  last  two  figures  of  the  sp.  gr. 
%  ^Mij  this  is  called  Haeser's  coeflScient.  Another  method 
to  find  the  amount  of  solids  in  grains  is  to  multiply  the  last 
two  figures  of  the  sp.  gr.  by  the  number  of  ounces  of  urine  daily, 
then  add  to  the  product  Ko  of  itself.  Ten  per  cent,  should  be 
deducted  from  the  total  solids  for  persons  between  40  and  50; 
20  per  cent,  between  50  and  60;  30  per  cent,  between  60  and 
70;  and  50  per  cent,  above  70.  Deduct  %  from  total  average 
•of  solids  in  persons  who  have  fasted  for  two  or  more  days;  for 
total  rest  deduct  Vio.  An  exact  determination  is  made  by  evapo- 
rating the  urine  of  twenty-four  hours  to  dryness,  finishing  on 
tlie  water-bath  and  in  the  water-oven. 

Renal  permeability  is  greatly  diminished  in  chronic  inter- 
stitial nephritis.  lodin  is  normally  eliminated  in  the  urine 
within  a  half-hour  after  the  administration  of  a  gelatin  capsule 
of  KI.  In  cases  of  interstitial  nephritis  it  cannot  be  detected 
for  from  five  to  twenty  hours.  The  intramuscular  injection  of  1 
c.c.  of  a  0.5-per-cent.  solution  of  phloridzin  causes  the  appear- 
ance of  sugar  in  the  urine  of  healthy  subjects  in  from  fifteen  to 
thirty  minutes,  and  amounting  from  Vl*  to  2  gm.,  mostly  in  the 
first  hour.  A  decrease  in  the  sugar  to  below  Y2  gm.,  or  a  delay 
beyond  the  hour,  indicates  renal  insufficiency. 

In  some  fevers  and  severe  cachectic  conditions  the  ratio  of 
daily  excretion  of  Xa  salts  (normally  7.5  gm.  Na20)  to  K  salts 
(normally  3  gm.  KoO)  is  nearly  reversed.  Ca  and  Mg  occur 
almost  exclusively  as  pliosphates.  A  predominance  of  Ca  (oxa- 
liiria,  pliosphaturia)  over  Mg  may  depend  upon  a  catarrhal  con- 
dition of  the  colon,  interfering  with  the  normal  elimination  of 
(^a  by  this  route. 

CRYOSCOPY. 

Tiio  f.  ]).  of  normal  urine  is  —  1°  to  — 2°  C.  A  lessening 
of  the  urinary  solids,  as  in  renal  inadequacy  from  any  cause, 
raises  the  f.  p.  above  —  1°  C.     For  clinical  purposes  a  Beckmann 
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thermometer  is  suspended  in  a  large  test-tube  containing  15  to  20 
c.c.  of  the  urine  (or  blood-serum),  and  this  tube  is  then  placed 
in  a  larger  tube,  in  order  to  have  an  air-space  between  the  smaller 
tube  and  the  beaker  holding  the  freezing  mixture  of  salt  and  ice. 
The  tube  of  urine  should  be  agitated  as  freezing  takes  place,  the 
mercury  sinking,  then  rising  to  the  freezing  point.  This  method 
is  of  some  value  in  surgical  renal  diseases  to  show  the  relative 
functional  power  of  each  kidney,  using  the  urines  obtained  by 
ureteral  catheterization.  The  f.  p.  of  blood-serum  (normally 
—  0.55°  to  0.579°  C.)  falls  pari  passu  with  the  rise  in  the  urinary 
f.  p.  Casper  and  Kuemmell  state  that  nephrectomy  is  contra^ 
indicated  when  the  f .  p.  of  the  blood-serum  is  below  —  0.58°  C, 
or  the  f.  p.  of  the  urine  (from  the  opposite  kidney),  above  —  0.8° 
C.  On  the  whole,  since  cryoscopy  does  not  distinguish  be- 
tween variable  preformed  food  salts  (NaCl)  and  the  excretory 
products  of  metabolism  (urea),  it  is  not  to  be  compared  in  clinic 
value  with  the  readily  performed  separate  estimations  of  urea, 
phosphates,  etc. 

Anemias  tend  to  raise  the  f.  p.  of  blood  (to  — 0.52°)  and 
urine;  malaria,  diabetes,  and  blood  and  heart  diseases  have  the 
opposite  effect  (blood  down  to  — 0.60°).  For  standard  value*^ 
the  product  of  A  (f*  p.  of  urine)  times  the  amount  of  urine  (  \/ 
or  valence  number)  in  c.c.  is  found  to  vary  between  776  and  3770. 
The  electric  conductivity  of  urine  depends  on  the  total  mineral 
content,  and  is,  for  practical  purposes,  no  more  available  than 
cryoscopic  methods.  NaCl  is  the  chief  electrolyte;  urea,  the 
leading  non-electrolyte. 

NOEMAL  CONSTITTJEMTS. 

CHLOBIDS. 

These  are  derived  entirely  from  the  chlorids  of  the  food, 
chiefly  NaCl,  and  amount  to  10  to  16  gm.  daily.  The  amount 
excreted  also  varies  directly  with  the  volume  .of  urine.  It  is 
decreased  by  rest  and  fasting,  increased  by  exercise.  The  digest- 
ive curve  of  chlorids  corresponds  closely  with  the  curve  of 
acidity. 

Pathologically  an  absolute  increase  (chloruria  with  hy- 
druria)  is  noted  in  diabetes  insipidus  (up  to  30  gm.),  Bright^s 
disease,  after  epileptic  attacks,  in  the  declining  stage  of  dropsy 
(resorption),  and  after  the  crisis  of  acute  fevers  and  inflamma- 
tions (resorption) ;  also  in  prurigo  and  intermittent  fevers,  and 
after  chloroform  or  thyroid  administration. 

An  absolute  decrease  is  observed  during  fasting  and  in  most 
fevers  before  and  up  to  the  febrile  crisis,  particularly  in  pneu- 
monia, in  which  chlorids  may  be  even  temporarily  absent.  A 
decrease  is  also  found  in  pleurisy,  acute  meningitis,  the  nephrit- 
ides,  anemia,  cachectic  conditions,  and  chronic  dropsic  com- 
plaints;    chronic    lead    poisoning;     chronic    mental    diseases; 
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cholera,  diarrhen,  and  vomiting;  acute  articular  rheumatism; 
gai-trectasia  with  pyloric  stenosis;  hyperchlorhydria,  or  gastric 
carcinoma.  In  benign  pyloric  Btenosia  there  is  a  small  amount 
of  chlorids  and  also  of  N;  little  chlorids  with  relatively  large 
amount  of  N  in  malignant  stenosis.  Retention  of  chlorids  often 
precedes  retention  of  water  in  ederaa. 

EiUmeUon  ol  Cbtoiidi.    HobT's  Volometrlo  Kethod.— Take  10  o.c. 

of  urine,  diluU  with  50  c.c.  or  more  o(  HsO,  add  ^4  c.o,  of  20  per  cent.  1 
KjCrOj  (indicBtor),  then  titrate  with  standard  AgNOg  solution  (same  ] 
as  for  sanitary  nnalysia  of  water)  until  a  permnnent  pink  or  orange 
color  appears.  Bach  c.c.  of  the  standsird  solution  used  is  equivalent  to 
0.01  gm.  NnCl  or  O.OOllOSS  gin.  CI.  One  c.c.  of  the  standard  solution 
should  be  subtracted,  so  ns  to  allow  for  small  quantities  of  organic 
substances  that  react  with  the  silver  salt. 

Purdy'i  CentrtfTigal  Method.— To  10  c.c.  of  urine  add  1  c.c.  of 
strong  HNOj  nnd  4  c.o.  o(  AgNOj  (dram  to  ounce).  Invert  3  times, 
let  stand  for  3  minutes,  then  revolve  for  3  minutea  at  1200  revolutions. 
The  percentage  hy  weight  of  CI  equals  ^  of  the  bulk  percentage 
(ujuallv  8  to  S  per  cent). 

FKOSPHATZS. 

The  earthy  phosphates  (Ca  and  Mg)  amount  to  1  to  1.5 
gm.  daily  and  are  derived  chiefly  from  the  food,  and  partly  from 
the  breaking  down  of  nucleiu  and  lecithin.  The  alkaline  phos- 
phates, from  similar  Bourees,  amount  (o  2  to  4  gm.  in  twenty- 
four  hours.  The  phosphBteH  of  sodium  in  the  urine  include 
NaHaPO,,  NaaHPOi,  Na3P0<,  and  NagPO^.NaHO  (super- 
basic)  .  The  monophosphate  is  converted  into  di-  and  tri-  pho^ 
phatefl  by  addition  of  alkaline  hydrates  or  carbonates.  NaHaPOi 
liberates  COa  from  alkaline  carbonates.  The  total  phosphoric 
acid  (2.5  to  3.5  gm.  PnOs;  CO  per  cent,  acid  phosphate,  40  per 
cent,  neutral  phosphate)  is  increased  by  a  meat  diet,  fasting, 
and  cerebral  excitants.  It  is  decreased  on  a  vegetable  diet  (acid 
combines  with  earthy  salts  and  is  not  absorbed),  by  pregnancy, 
and  by  cerebral  depressants. 

The  earthy  phosphates  are  increased  in  rickets  (children) 
or  osteomalacia  (adults),  chronic  rheumatoid  arthritis  (vary 
little  from  the  normal ;  twice  as  much  Ca  excreted  as  ingested), 
diffuse  periostitis,  neurasthenia,  melancholia,  general  debility, 
mental  overwork,  chronic  alcoholism,  and  central  nervous  dis- 
eases (epilepsy,  meningitis) ;  tuberculosis,  carcinoma,  leukemia, 
and  acute  yellow  atrophy. 

The  alkaliue  phosphates  arc  greatly  augmented  in  "phos- 
phatic  diiibetcs":  an  affection  characterized  by  acid  polyuria, 
thirst,  rapid  emaciation,  great  nervous  irritability,  dyspepsia, 
and  distressing  lumbar  pains.  This  condition  may  alternate 
with  diabetes  mellitus. 

Both  kinds  of  phosphates  are  diminished  in  all  forms  of 
Bripht's  disease  aud  renal  insufBciency  and  in  chronic  lead  poi- 
BOning.     Less    important    is    the    decrease    noticed    in    gout, 


542  CLINIC  CHEMISTRY. 

rheumati?m,  intestinal  indigestion,  anemia,  chlorosis,  empyema,, 
hepatic  cirrhosis,  acute  yellow  atrophy,  and  intermittent  and 
most  acute  fevers  except  meningitis. 

Earthy  phosphates  are  held  in  solution  in  the  urine  as  acid 
phosphates  by  the  acid  reaction  and  CO2.  Heat  drives  off  this 
gas  and  so  ppts.  the  earthy  phosphates  as  normal  salts.  Alkaline 
phosphates  are  never  spontaneously  pptd.  The  phosphates  aid 
in  keeping  uric  acid  and  oxalates  in  solution.  Phosphlates  are 
excreted  in  the  urine  most  freely  when  chlorids  are  retained,  and 
vice  versa. 

The  ratio  of  N  to  P2O5  in  the  urine  (normally  100  to  17) 
is  greatly  increased,  and  may  be  doubled  in  malignant  diseases 
generally.  P  (from  bones)  increases  much  more  than  N  in 
hunger  and  inanition. 

Volnmetrle  Determination  of  Total  Phosphoxic  ^id  (Ogden). — 
Three  reagents  are  used:  1.  A  standard  solution  of  pure  uranium 
nitrate,  containing  36.6  gm.  per  liter  of  distilled  water;  each  c.c.  corre- 
sponds to  0.005  gm.  P2O5.  Z.  A  solution  of  100  gm.  of  sodium  acetate 
and  100  c.c.  of  30  per  cent,  acetic  acid  in  sufficient  distilled  water  to 
make  a  liter.  3.  A  cochineal  tincture  prepared  by  digesting  a  few  gm. 
of  cochineal  with  250  c.c.  of  diluted  alcohol  (1  part  to  3  of  water)  and 
filtering  after  several  hours.  Take  50  c.c.  of  the  urine,  add  5  c.c.  of  No. 
2  and  a  few  drops  of  No.  3,  and  warm  mixture  to  80°  C.  over  the 
water-bath.  Then  titrate  the  hot  mixture  with  solution  No.  1  until  a 
faint,  but  distinct,  permanent  green  color  appears  to  mark  the  reaction 
with  U  as  soon  as  the  phosphoric  acid  is  entirely  pptd. 

Fardy's  Centrifuiriil  method. — ^To  10  c.c.  of  the  urine  add  2  c.e. 
of  50  per  cent,  acetic  acid  and  3  c.c.  of  6  per  cent,  solution  of  uranium 
nitrate.  Invert  3  times,  let  stand  3  minutes,  and  revolve  for  3  minutes 
at  1200  revolutions  per  minute.  The  percentage,  by  weight,  of  P2O5 
equals  U5  of  the  bulk  percentage  of  uranyl  phosphate  (H[U02]P04), 
usually  ifrom  8  to  10  per  cent.  Albumin  must  first  be  removed  by  heat 
and  acetic  acid. 

To  separate  the  earthy  from  the  alkaline  phosphates,  the 
first  step  in  Cook's  centrifugal  test  for  uric  acid  may  be  fol- 
lowed (or  the  urine  may  be  alkalinized  with  NaHO,  heated  and 
.filtered),  and  then  the  above  reagents  added.  It  should  not  be 
forgotten  that  ^^phosphaturia"  depends  not  on  the  amount  of 
earthy  phosphates,  but  on  the  neutral  or  alkaline  reaction  of 
the  urine.  In  comparing  the  amounts  of  earthy  phosphates  and 
alkaline  phosphates,  it  is  best  to  use  gravimetric  methods,  throw- 
ing down  first  the  earthy  phosphates,  then  treating  the  filtrate 
with  acetic  acid  and  uranium  nitrate,  calculating  this  second  ppt. 
as  NanoP04  by  multiplying  by  ^^%C7- 

CABBOHATES. 

A  liter  of  normal  human  urine  contains  40  to  50  c.c.  of 
CO2 ;  if  neutral  or  alkaline,  over  100  c.c.  This  forms  both  nor- 
mal and  acid  salts  with  the  alkalies  and  alkaline  earths.  The 
amount  of  carbonates  in  normal  urine  is  generally  minute,  ex- 
cept after  the  administration  of  the  salts  of  the  vegetable  acids 
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or  tlie  ingefition  of  these  acids  as  foods  or  medicine,  giving  rise 
to  fixed  alkalinity.  Ammonium  carbonate  in  appreciable  quan- 
tity in  freshly  passed  urine  indicates  decomposition  of  the  fluid 
within  the  bladder,  nearly  always  from  chronic  cystitis. 

The  amount  of  iron  (combined  with  uric  acid,  etc.)  present 
in  the  residue  from  a  liter  of  urine  varies  from  3  to  11  mg. 
Traces  of  nitrates,  fliiorids,  and  silicates  are  found  in  every 
urine.  H2O2  has  been  detected  in  fresh  urine  by  its  bleaching 
effect  on  indigo, 

SITLPHATBS. 

The  mineral  sulphates  (mostly  K  and  Na)  amount  from 
1,5  to  3  gm.  daily,  and  are  derived  chiefly  from  meat  and  mus- 
cle, the  contained  S  being  oxidized  to  HaSOj,  and  this  uniting 
with  the  metals. 

The  proportion  of  mineral  sulphates  is  increased  by  meat 
diet,  active  exercise,  inhaJationa  of  pure  0,  and  ingestion  of  8 
compounds.     It  is  decreaped  by  a  vegetable  diet  or  salicylates. 

PatJioIogically  the  mineral  sulphates  show  an  absolute  in- 
crease in  acute  fevers  and  inflammations,  especially  rheumatism. 
pneumonia,  cerebritis,  meningitis,  and  myelitis;  also  in  ob- 
structive jaundice  and  both  kinds  of  diabetes.  A  subnormal 
quantity  is  noted  in  acute  and  chronic  ronal  diseases,  eczema, 
chlorosis,  leukemia,  and  carbolic  acid  poisoning  (combines  with 
H2SO4  to  form  phenol- potassium  sulphate).  Generally  an  in- 
crease or  decrease  of  mineral  sulphates  runs  parallel  with  that 
of  urea. 

Centrltnral  Bitination  (Tnrdy). — To  ID  c.c.  of  urine  add  5  c.o. 
standard  Bat'lj  solution  {i  parts  ot  BnCU.  1  part  of  strong  IICI.  and 
IS  parts  of  distilled  water).  Let  stand  3  tninutea  after  shaking,  aud. 
revolve  3  minutes.  The  percentage  b;  weight  of  SO3  equals  14  bulk  per- 
cenUge  (usually  about  0.8)  of  BaSU^. 

The  conjugate  or  ethereal  (aromatic,  combined)  sulphates 
originate  chiefly  from  putrefaction  in  the  small  intestines,  being' 
formed  in  the  liver  from  cystein  (by  cnzymic  action),  phenol, 
skatol,  paracrcsol,  and  indol.  Creosote  and  other  aromatic  intes- 
tinal antiseptics  produce  ethereal  sulphates  not  distinguishable 
from  those  due  to  putrefaction. 

The  principal  members  of  the  group  are  indoxyl -potassium 
sulphate,  or  "indican"  (CgHoNO.SOa-OK),  phenol -potassium 
sulphate  (CcHsOSO^lv),  and  skatoxyl-potaasium  sulphate 
(C0HSNO.SO2K).  The  ratio  of  ethereal  to  mineral  sulphates 
is  normally  about  1  to  10.  The  daily  escretion  of  indican  i» 
normally  about  fi.6  mg.  The  mineral  and  conjugate  sulphateB 
together  are  tenneil  the  "acid"  sulphates.  The  neutral,  organic. 
or  suboxidized  S  of  the  urine  constitutes  from  12  to  l.">  per  cent, 
of  the  whole,  and  comprises  U^S,  (C'sIIn):^)  tbiosulphateg,  snl- 
phocyanates,  and  derivatives  of  cystin  and  taurin.  It  yields  a 
black  ppt.  on  boiling  with  an  alkaline  Pb  solution. 
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Indican  is  in  escess  on  a  meat  diet  (putrefaction  of  pro- 
teins in  prima  vim — least  with  milk  diet,  casein,  and  gelatin) ; 
also  in  hypo-  and  achlor-  hydria,  and  sometiraes  in  diarrhea, 
peritonitis,  perityphlitis,  appendicitis,  liepatie  or  gastric  carci- 
noma, diphtheria,  scarlet  fever,  and  erysipelas.  An  enormoiofl 
excess  is  often  noted  in  cholera  and  intestinal  obstruction  or 
tuberculosis.  The  same  conditions  {except  simple  obstruction) 
give  rise  to  excess  (above  0.03  gm.)  of  phenol  and  paracreBoI, 
Indican  is  not  formed  from  the  albumins  of  the  organism  itaelf. 
It  is  markedly  diminished  by  calomel  and  lactic  acid;  castor-oil 
and  salines  increase  it.  Paracresol  is  more  abundant  on  a  vege- 
table than  on  a  mineral  diet. 

Cllnla  Test  for  Indican. — To  %  test-tube  of  urine  add  %  aa  much 
HCl  and  a  lew  oTjetala  of  KNO^.  Boil  the  mixture,  let  cool,  and  ihake 
with  2  c.c.  of  chloroform.  If  indican  is  normal  in  amount,  the  taj'er 
of  CHClg  will  be  colorleBB.  If  indican  ia  in  cicceBg,  the  chloroform  on 
Mttliug  will  be  colored  light  blue  to  a  deep  purple,  depeodlDg  on  the 
amount.  lodida  taken  internallv  color  the  chloroform  blue  (decolorized 
by  NajSaOal. 

By  further  oxidation  indigo-blue  is  changed  to  colorleM  isatin. 
Jaffa's  test  for  indican  is  made  more  certain  and  delicate  by  first 
addbg  ^  the  volume  of  10  per  cent.  lead  acetate  solution,  and  testing 
filtrate.  Skatoxyl  (so-called  uroroaein)  imparts  a  red  color  t<j  the 
supernatant  liquid.  On  ebaking  with  amyl  alcohol,  this  takes  up  the 
red  pigment,  which  diaappears  on  adding  NnHO,  and  reappeara  on  the 
subsequent  addition  of  HCl.  A  well-marked  reaction  shows  greatly 
increased   intestinal  putrefaction. 

Indigo-red  in  the  urine  has  the  same  significance  as  indiean.  It 
is  recognijied  (Roaenbach)  by  adding  HNO3  drop  by  drop  to  the  boiling 
urine,  getting  a  deep  red  color  witli  a  violet  foam  on  shaking.  Skatoxyl- 
Hulphuric  acid  and  skatoxyl-carbonic  acids  also  give  a  red  or  a  violet 
color  on  treating  the  urine  with  HCl  containing  a  little  FeClg,  after 
filtering  off  the  sediment  produced  by  lead  acetate. 

Robin's  Quaittitattve  Test  for  Indican. — Three  reagents  are 
required:  (1)  HCl  containing  2  p.m.  FeClg;  (2)  a  26  per  cent,  solu- 
tion of  Pb(C2H502)j;  (3)  KCIO3,  34.6  gm.  per  liter  of  water— contains 
I  per  cent,  available  CI.  To  10  c.c.  of  urine  add  1  c.c.  of  lead  acetate 
solution,  and  filter  through  a  double  filter.  Put  5  c.c.  of  filtrate  in 
tes^tube,  add  5  c.c.  of  reagent  ( t )  and  Z  c.c.  of  chloroform,  and  invert 
tube  ten  times.  Now  add  from  a  dropper  the  KCIO3  solution  until  the 
blue  color   in   the  chloroform  disappears;    one   to   two   drops  normally 

Clintc  Test  for  Fhenol-potasalnm  Sulpha te.^Diatiil  25  c.c.  of  the 
urine  witb  6  per  cent,  of  H2SO4  and  add  Br  water  to  the  distillate, 
getting  a  yellowish  ppt.  of  tribrom phenol,  million's  reagent  gives  w 
beautiful  red  color  with  distillate.  An  intent  plienol  reaction  ia 
noted  in  infectious  fei'ers,  chronic  aleoholiam  and  liver  disease. 

Salkowski'a  Method  for  Total  Btilphnrlo  Add  (Preformed  1 
ConJUEate  8D3). — Take  100  c.c.  of  urine  in  a  beaker,  acidulate  with  S 
e.c.  HCl,  boil,  and  add  BaClo  until  no  more  ppt.  ensues.  Collect  ppt, 
on  a  small  filter  of  known  ash,  and  wash  with  hot  distilled  water  till 
BaCI^  disappears  from  filtrate.  Then  wash  with  hot  alcohol  and  again 
with  ether.  Incinerate  (liter-paper  and  contents  in  a  Pt  crucible,  cool, 
add  a  few  drops  of  HnSOi  (to  change  any  BaS  to  BaS04),  heat  a^in 
to  redness,  cool  in  a  desiccator,  weigh,  and  deduct  weight  of  crucible 
and  ash.     100  parts  of  BaS04  =  34.33  parts  SO3. 

Salkovsld'i  Hethod  for  Ethereal  Snip  hates  .—Take   100  e.c,  of 
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clear,  filtered  urine;  mix  with  an  equal  volume  of  alkaline  BaClg  n>1ti- 
tion  (1  part  cold,  saturated  BaClii  2  parts  cold,  saturated  Bn[HO)i)  ; 
and  stir  tlioroughlj'.  After  a  few  minutes  filter  into  a  dry  graduate  up 
to  the  )00  c.c.  mark  (half  the  urine),  acidulate  this  portioo  with  10 
C.C.  HCI,  boil,  keep  at  100°  C.  for  an  hour  on  the  water-bath,  and  allow 
to  stand  for  twenty-four  hours  or  until  completely  settled.  Then  wash, 
dry,  and  weigh  as  for  total  sulphates.  The  difference  between  the 
total  and  the  combined  or  ethereal  8ulphat«a  represents  the  preformed 
or  mineral  sulphates. 

Thia  componnd  is  formed  principally  in  the  liver  from  the 
syntheBis  of  COs  and  NHg,  witii  elimination  of  water.  It  is  in 
part  the  product  of  retrograde  raetarnorphoais  of  the  tiasuea, 
blood,  and  secretions,  and  to  a  minor  extent  it  results  from  the 
splitting  up  of  unaasimilated  nitrogenouB  food,  its  antecedent, 
in  this  event,  being  leucin  principally.  About  85  per  cent,  of 
the  N  taken  into  the  body  by  way  of  nourishment  is  excreted 
as  urea,  and  approximately  54  of  the  total  potential  energy  of 
foods  consumed  escapes  anutilized  in  the  form  of  this  compound. 
A  larger  N-intake  than  is  needed  for  endogenous  metabolism 
leads  only  to  an  increased  elimination  of  urea. 

Urea  is  a  neutral,  crystalline  substance  with  a  bitter,  cool- 
ing taste  like  that  of  saltpeter.  It  is  highly  soluble  in  water, 
and  is  used  as  a  diuretic  in  cardiac  cases  of  dropsy.  On  heating 
to  150°  it  melte  and  gives  off  NHg,  leaving  biuret.  Fonnalin 
added  to  the  urine  gives  a  white  ppt-  (methylene  urea),  which 
reduces  Cu  salts  and  may  he  mistaken  for  leucin. 

Urea  is  lethal  in  the  proportion  of  i4oo  of  the  body-weight. 
According  to  Bouchard,  the  sj'mptoms  of  so-called  uremia  may 
be  ascribed  to  six  other  toxic  substances  in  addition  to  urea. 
One  of  these  is  a  myotic;  another,  a  sialagogue;  a  third,  nar- 
cotic; a  fourth  depressce  temperature,  and  K  salts  (most  im- 
portant) and  another  substance  are  conyulsants.  Some  of  these 
poisons  are  probably  pigments,  aa  passing  through  charcoal 
leBseng  the  noxious  power  of  the  urine  by  %. 

The  microbic  poisons  in  the  urine  are  alkatoidal  in  nature, 
in  the  blood,  albuminoid ;  hence  the  kidneys  probably  exert  at 
analytic  action  on  toxalbumini.  The  toxicity  of  urine  is  due 
in  part  to  absorbed  toxins  of  the  colon  bacilli  (Gilbert).  Grif- 
fiths and  Albu  have  isolated  special  toxins  from  the  urine  in  a 
considerable  variety  of  diseases.  In  gastrointestinal  autotoxemia 
Bouchard  found  the  urinary  ptomains  increased  fiftyfold.  Ac- 
cording to  Griffiths,  a  toxic  base,  propylglyeocyamin  (creatin, 
with  propyl  substituted  for  one  H),  ia  found  in  the  urine  of 
patients  euffering  from  various  affections. 

Common  symptoms  of  uremia  are  contracted  pupils,  head- 
ache, pruritus,  amaurosis,  shallow  dyspnea  ( Cheyne-Stokes) , 
vftiTiiting,  diarrhea,  convulsions,  coma,  and  hypothermia  or  hy- 
perthermia. The  type  of  uremia,  whether  comatose  or  convul- 
sive, varies  with  the  relative  proportion  in  the  blood  of  the  cor- 
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responding  toxins.  The  toxicity  of  urine  is  almost  nil  in  uremic 
attacks,  the  urea  in  the  blood  being  increased  at  times  to  thirty- 
fold  the  normal.  The  freezing  point  of  the  blood-serum  is  low- 
ered to  — 0.61°  to  — 0.67°  C.  in  nephritis  with  uremia,  owing 
to  this  molecular  concentration.  The  diminished  electric  con- 
ductivity of  blood-serum  (due  to  excess  of  proteins  from  retained 
nitrogen)  may  be  the  direct  cause  of  uremic  cortic  symptoms 
(Stem).  Deficient  urea  excretion  is  a  more  reliable  danger  sig- 
nal than  the  presence  or  amount  of  albumin.  Uremia  is  infre- 
quent in  patients  with  marked  edema,  since  the  cells,  already 
saturated  with  chlorids  that  cause  the  edema,  do  not  so  readily 
fix  the  urinary  poisons.  Two  c.c.  of  normal  urine  is  suflScient 
(one  uiotoxy)  to  kill  a  kg.  of  living  matter.  The  urotoxic 
coefficient  in  health  is  0.464  urotoxy  per  kg.  of  weight.  The 
urine  of  sleep,  though  more  dense,  is  nearly  always  less  toxic  than 
the  day  urine.  Muscular  exercise  in  the  open  air  makes  urine 
less  toxic,  probably  by  enhanced  oxidation.  Urine  is  generally 
more  toxic  in  disease,  the  convulsive  elements  (potassium  and 
coloring  matter)  predominating  in  fevers,  because  of  increased 
breaking  down  of  the  tissues.  It  is  less  toxic  in  mania,  more  so 
in  melancholia. 

The  normal  daily  quantity  of  urea  excreted  by  way  of  the 
urine  is  from  17  to  40  gm.  (usually  20  to  25  gm.),  or,  hourly, 
15  to  32  mg.  per  kg.  of  body-weight.  One-tenth  less  is  excreted 
by  women  flian  by  men  of  the  same  weight.  Children,  after  the 
first  month,  have  an  output  relatively  double.  In  old  age  the 
proportion  is  reduced  by  half.  Large  persons  obviously  pass 
out  more  urea  than  small  ones.  The  average  percentage  of  urea 
for  adult  males  is  about  2  per  cent.  The  maximum  ratio  is 
six  hours  after  meals ;  the  minimum  in  the  early  morning.  One 
gm.  urea  (Simon)  is  equivalent  to  13.72  gm.  lean  muscular 
tissue. 

The  urea  of  the  urine  is  increased  by  proteid  diet  espe- 
cially, and  to  a  less  extent  by  muscular  exertion,  caffein,  opiates, 
electricity,  the  copious  ingestion  of  liquids  (increased  disintegra- 
tion of  proteids),  hot  baths,  alkaline  chlorids,  mineral  acids, 
and  a  close  atmosphere.  It  is  decreased  by  a  mUk  and  vegetable 
diet,  and  to  a  less  degree  by  fasting,  loose  bowels,  free  sweating, 
menstruation,  alcohol,  iron,  lead,  mercury,  or  digitalis;  also 
often  in  normal  pregnancy. 

Pathologically  an  excess  of  urea  is  noted  in  acute  febrile 
(before  acme)  and  inflammatory  diseases,  diabetes  mellitus  and 
insipidus,  dyspneic  conditions,  malaria  and  severe  blood  diseases, 
minor  chorea,  epilepsy,  paralysis  agitans,  hepatic  congestion, 
some  gastrointestinal  disorders,  and  in  belladonna  or  early  phos- 
phorus poisoning. 

A  deficient  quantity  of  urea  is  a  most  important  feature 
of  all  forms  of  Bright's  disease,  and  is  due  chiefiy  here  to  im- 
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paired  nutrition  of  the  renal  cells.  The  total  urea  output  is  less 
(%  normal)  in  chronic  gouty  conditions  than  in  chronic  Bright's 
disease — distinction  from  chronic  rheumatic  and  certain  nervous 
conditions.  A  decrease  is  also  observed  in  circulatory  weakness^ 
cachexia^  and  malnutrition  (more  in  gastric  cancer  than  in  sim- 
ple inanition);  convalescence  from  acute  febrile  diseases; 
hepatic  carcinoma^  cirrhosis^  and  acute  yellow  atrophy  (may  be 
increased  at  first) ;  acute  gout  and  chronic  rheumatism ;  osteo- 


Fig.  74.— Doremui  Ureometer. 

malacia;  chronic  lead  poisoning;  diarrhea,  cholera,  and  ex- 
cessive sudation;  simple  anemia  and  leukemia;  melancholia, 
imbecility,  catalepsy,  hysteria;  Addison's  and  Weil's  disease; 
leprosy,  pemphigus,  impetigo,  and  shortly  before  death  from  any 
cause. 

Detection  of  ITrea. — ^Evaporate  a  few  drops  of  urine  nearly  to 
dryness  with  a  drop  of  HNO3.  Large,  colorless,  rhombio  or  hexagonal 
plates  of  urea  nitrate  may  be  seen  with  the  microscope. 

Estimation  of  ITrea. — ^The  most  practical  methods  for  clinic  pur- 
poses depend  on  decomposition  of  urea  by  freshly  made  sodium  hypo- 
bromite  in  a  strongly  alkaline  solution. 

N2H4CO  -f  3NaBrO  =  3NaBr  -f  COg  -f  2n20  +  2N 
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The  CO2  is  absorbed  b;  the  alkali,  and  the  N  collects  tit  the  oloiad  top 

of  the  instrument. 

The  ureomet^r  of  Doremus  is  very  simple  and  convenient.  It  ia 
half-filled  with  40  per  cent,  NaHO  Boiution,  1  c.c.  of  Br  introduced,  and 
after  this  tlie  ingtrument  ie  filled  by  adding  more  water.  One  c.c.  of 
the  urine  ia  now  carefully  introduced  under  the  long  prm  by  means  of 
the  pipet.  The  bubbles  of  N  collect  at  the  top,  and  wlien  enerveieetiee 
ceusea  the  percentage  of  urea  can  be  read  olT  directly  front  the  gradua- 
tiona  on  the  cylinder  [best  immereed  in  wat«r  to  the  level  of  the 
column  of  fluid).  One  c.c,  of  N  represents  0.0027  gm. 
e  should  be  made  for  altitude. 


-KJeldabl   Metbod. 

The  hypobrouiito  method  liberates  only  93  per  cent,  of  urea,  N, 
part  of  the  deficiency  being  made  up  from  creatinin,  hippurlo  acid  and 
purin  bodies. 

Powler's  Hethod.— Find  ap.  gr.  of  urine  and  of  some  liquor  BOd» 
chlorinate,  and  mix  7  rolumes  of  latter  with  1  volume  former.  Let 
effervesce,  with  occasional  shaking,  for  an  hour,  and  determine  ap.  gr. 
of  liquid  at  fame  temperature  as  before.  The  loss  in  units  of  sp.  gr, 
from  the  original  average  of  the  mixed  liquids,  multiplied  by  0.7791, 
gives  the  amount  of  urea  in  grams  per  100  c.c. 

KJeldaM'i  Hethod  to  Determine  Total  BitroEen. — The  rationale 
of  this  method  is  as  follows:  On  prolonged  heuting  of  any  nitrogenous 
substance  with  H0SO4  all  the  N  is  converted  into  (NH4)j'S04,  which  ia 
decomposed  on  distilling  with  an  alkali,  and  the  liberated  NH|t  collected 
in  a  known  quantity  of  an  n/m  acid.  The  amount  of  the  aeid  neutral- 
ized by  the  NHg  is  eatimated  by  titrating  with  n/10  alkali,  and  from 
ttaia  result  the  amount  of  N  calculated. 

Place  5  c.c.  of  urine  in  a  250  c.c.  Kjeldahl  flask;  add  15  c.c.  H0SO4 
And  \i  gm.  powdered  CuSO^ ;  heat  on  a  wire  gauze  under  the  hood  till 
foaming  ceases;  then  add  10  gm.  powdered  K2SO4  and  continue  boiling 
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g«nt1y  till  the  liquid  it  a  light  green.  Then  add  a.  few  graioa  of 
powdered  EMnO^  and  heat  again  till  fluid  is  light  green.  Allow  to 
cool)  transfer  to  a  liter  Erlenmej-cr  flask,  adding  the  wnahinga  from 
the  digestion  flask;  dilute  to  nhout  GOO  cc,  and  add  a  few  ^aina  of 
powdered  talc. 

Insert  a  doubly- perforated  rubber  stopper  with  a  Reitinaier  bulb 
and  a  thistle-lube  reaching  nearly  to  the  bottom  of  the  flask.  A  long 
dtrip  of  red  litmus-pAper  should  be  hung  from  the  neck  of  the  flask 
down  into  the  liquid.  Connect  the  upper  end  of  the  bulb  with  a  con- 
denser and  a  600  c.c.  receiving  flask  containing  GO  c.c.  of  n/io  oxalic 

Pour  60  to  00  c.c.  of  50  per  cent,  NaHO  into  the  large  flask  and 
distill  over  about  200  c.c.  Then  replaoe  the  receiving  flask  by  another 
containing  10  c.p.  of  n/jo  oxalic  acid  and  some  water,  and  distill  over 
100  c.c.  Now  add  a  few  dropa  of  alcoholic  rosolic-acid  solution  and 
titrate  with  n/m  NaHO  to  a  deep-pink  color;  the  second,  or  check,  flask 
should  be  tree  or  nearly  free  from  NH3.  A  blank  experiment  with  the 
reagents,  hut  without  tJie  urine,  should  be  done  to  ascertain  the  amount 
of  N,  if  any,  present  in  the  reagents,  and  the  result  gnhlracted  froni  the 
total.  The  difl'erence  between  the  number  of  c.c.  of  decinormal  alkali 
taken  and  that  left  after  neutralization  gives,  when  multiplied  by 
0.0014   (N  equivalent  factor),  the  amount  of  N  in  5  c.c.  of  urine. 

According  to  Strauie,  the  retention  N  in  100  c.c.  of  normal  blood' 
serum  averages  25  to  30  mg.;  in  chronic  purenchymatoui  nephritis  with- 
out uremia.  40  mg. — with  uremia,  62  mg.;  chronic  interstitial  nephritis 
without  uremia,  82  mg. — with  uremia,  130  mg.;  mixed  type,  61  and 
120  mg. 

milC  AOIS. 

The  ailosiiric  bodies  are  derived  chiefly  from  the  cleavage 
of  nucleins  of  the  body-celts  and  of  iugested  nucleoproteids; 
exogenic  uric  acid  from  onypurins  (nueleins)  and  aminopurins 
(purin  bases)  in  food.  All  these  nucleins  or  purin  bodies  are 
precipitated  by  ammoniacal  Bilver-nitrate  solution.  The  nuclein 
bases  predominate  in  simple  decomposition,  while  oxidation 
processes  lead  to  the  formation  of  uric  acid,  which  normally 
esceeda  the  bases  ten  times  in  the  output  of  alloxuric  N,  and  may 
generally  be  taken  as  the  criterion  of  nuclein  metabolism.  In 
gout,  however,  the  lower  oxidation  products,  such  aa  santhin, 
may  exceed  uric  acid.  Although  urea  may  be  formed  artificially 
by  oxidation  of  uric  acid  and  many  other  organic  compounds, 
there  is  no  proof  that  the  quantity  of  tlieae  two  substances  bears 
any  necessary  relation  to  eaeh  other.  The  normal  daily  output 
of  uric  acid  is  0.4  to  0.8  gm. ;  of  lanthin,  0.03  to  0.05  gm. 

The  pure  uric  acid  ia  crystalline,  and  requireo  16,000  parta 
of  cold  or  IGOO  parts  of  boiling  water  to  dissolve  it.  It  is  ten 
to  forty  times  as  soluble  in  urine  as  in  pure  water.  It  is  also 
soluble  in  glycerin,  alkaline  hydrates,  carbonates,  and  phos- 
phates, Na2HP04  is  the  normal  solvent  for  uric  acid,  forming 
acid  urate  and  N&HjPOi. 

Uric  acid  appears  to  be  formed  chiefly  in  the  liver  and  spleen 
by  the  oxidation  of  purin  bases.  It  exists  in  the  urine  nonnally 
ae  urates  of  Na  and  K,  which  are  either  neutral  or  acid,  the 
latter  class  being  subdivided  into  monocid  or  biurates,  and  tri- 
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acid  or  quadriurates  or  tetrauratea.  The  nonnal  salts  are  readily 
soluble;  acid  urates  much  less  so,  CBpecially  In  cold  water.  A 
brick-dust  (lateritious)  deposit  of  acid  urates  Ib  commonly 
obserred  in  acid  concentrated  urine,  especially  when  chilled. 

The  daily  excretion  of  uric  acid  and  its  congeners  is  in- 
creased by  excess  of  proteid  foods,  especially  meat-broths  (hypo- 
xanthin),  glands,  fish,  asparagus,  and  young  fleah;  also  by  tea, 
coffee,  cocoa  (xanthin  and  hypoxanthin) ;  fats,  alcoholics  (espe- 
cially heavy  wine),  and  the  administration  of  liver,  thymus 
glands,  or  nucieins.  Its  elimination  is  aided  by  the  administra- 
tion of  sodium  salicylate,  disodic  phosphate,  colchieum,  corrosive 
sublimate,  or  euonymin. 

There  is  less  increase  of  excretion  after  taking  nucieins  and 
purin  bodies  in  gouty  than  in  healthy  subjects.  About  half  of 
the  purin  bodies  taken  in  food  is  excreted  in  the  urine  during 
the  following  twenty-four  hours.  When  urine  is  allowed  to 
Btand  in  a  warm  place,  its  uric  acid  diminishes  while  oxalic  acid 
increases. 

The  uric  acid  of  the  urine  is  decreased  by  a  milk  and  vege- 
table diet  (bread,  butter,  milk,  sugar,  eggs,  potatoes,  rice,  green 
vegetables) ;  also  by  KI,  large  doses  of  quiniu,  coal-tar  anti- 
pyretics, NaCl,  alkalies,  and  the  habitual  ingestion  of  large  quan- 
tities of  water.  Lithium  salts  and  mineral  acids  diminish  the 
elimination  of  uric  acid  temporarily  by  rendering  it  less  soluble 
in  the  blood ;  the  relief  they  give  is  transient  and  they  eventually 
do  harm. 

The  most  marked  increase  of  uric  acid  occurs  in  leukemia : 
up  to  even  8  gm.  daily.  An  excess  is  also  noted  in  acute  fevera 
and  inflammations,  dyspneic  disorders,  phthisis,  splenic  diseaeea, 
malaria,  scurvy,  pernicious  anemia,  diabetes,  rachitis,  abdominal 
tumors,  cancer  and  cirrhosis  of  the  liver,  migraine,  petit  mai, 
neurasthenia,  chorea,  and  frequently  in  dyspeptic  disturbances. 
In  gout  uric  acid  is  diminished  before  the  paroxysms,  and  in- 
creased during  and  just  after. 

An  absolute  decrease  of  uric  acid  is  met  with  in  chronic 
arthritis,  chronic  lead  poisoning,  progressive  muscular  atrophy, 
chlorosis  and  simple  anemias,  usually  in  diabetes,  and  in  moat 
forms  of  advanced  kidney  disease  and  chronic  disorders  gener- 
ally. 

Karexid  Teit. — Evnporate  a.  Boinll  portiou  of  the  ura.te  or  uric 
acid  ^edioient  to  dryness  in  a  porcelain  diah,  add  a  drop  or  two  of 
HNOg  to  diaaoive  the  residue,  Mr  with  a  glass  rod,  and  evaponite 
slowly  to  dryness.  Allow  to  cool  and  add  1  or  S  drops  of  NH4OH, 
getting  a  beautiful  purplish  coloration  due  to  murexid  or  aramoDium 
purpurate,  CgE4.NH4.NsOe.  On  adding  now  a  drop  of  NaHO  the  color 
changes  to  reddish  blue  and  disappears  on  beating.  The  teat  can  be 
rendered  more  delicate  by  holding  a  dish  of  urine  and  acid  over  another 
dish  in  which  a  dry  NH4  salt  is  volatiliEed  (S.  E.  Earp). 

Oravimetrio  Estimation  <Helnti).  —  This  simple,  but  not  very 
accurate  test  is  made  by  adding  to  200  c,c,  of  filtered  urine,  free  from 
albumin,   10  c.c.  of  HCl,  letting  stand  in  a  cool  place  for  twenty-four 


^^^^H                                                 URINE. 

^M 

hours,  collecting  the  precipitated  uric-acid  crystBU  on  a  dried  and  tared                ^^^| 
filUrpaper,  washing  once  or  twice  with  cold  distilled  water,  drying  at                  ^^H 

100"  C.  and  weighing. 

ToInmetrlQ  Method    (Hopkini). — This  depends  on 

converting  all  the  uric  acid  and  urates  into  ammonium 

JL             ^H 

urate,  which   is  decomposed  by  Ha  and  the  separated 

fh          ^M 

uric    acid    eetimated    by    titration    with    n/20    KUnO^ 

v3^            ^H 

Nr            ^M 

acid  containing  a  little   HjSO^),  each  c.c.  of  which   is 

^                               ^^ 

equivalent  to  0.00375  gra.  of  uric  acid. 

Saturate  100  c.c.  of  urine  with  NH«C1    (about  35 

^^H 

gm.  usually  necessary),  let  stand  for  two  hours  or  longer 

with  occasional  agitation,  Alter,  and  wash  ppt  three  or 
four   times    with    saturated    solution    of    NH,CI.     Then 

wash  olT  the  pptd.  urat«  with  a  jet  of  hot  distilled  waUr 

B 

into  a  small  heaker,  and  heat  just  to  hoiling  with  citcefla 

of  HCI.     Cool  and  let  stand  for  at  least  two  hours  to 

ii* 

i^H 

allow  uric  acid  to  separate  completely;   filter  and  wuh 
crystals  with  cold  distilled  water. 

SIS             ^^H 

Now  wash  the  uric  acid  of  the  filter  with  hot  dis- 

^1 

tilled  water,   add  Ka^CO:,,   warm   until  the  acid   is  dis- 

H 

solved,  and  make  up  solution  to  100  c.c.     Transfer  to  a 

g 

Bask,  mix  with  20  c.c.  of  concentrated  HS.SO4,  and  titraU 

at  once  with  the  n/^  KMn04,  which  should  be  added 

i 

slowly  toward  the  end  of  the  reaction,  as  shown  bv  a 
transient    pink    coloration.     To    the    final    result,    cal- 

^H 

culated  in  mg.,   1   mg.  should  be  added  for  each   IS  c.c. 

;{ 

^M 

of  fluid  in  the  last  filtrate   (need  never  he  more  than  20 

3J: 

^H 

^ 

^M 

When  there  is  an  abundant  deposit  of  phosphates, 

ti 

The  presence  of  albumin  makes  it  necessary  to  continue 

H: 

digestion  with  HCI  longer  in  order  to  form  the  soluble 

acid  albumin.     If  the  urine  contains  much  pigment,  this 

should    be    removed    from    the    urate    ppt.    hy    treating 

the  nitrate  gradually  to  boiling  and  digest  for  some  time 

J!: 

on  a  wat«r-hath,  and  then  washing  the  separated  crystals 

.^H 

thoroughly. 

u 

Centrlfojal    EiUmatloa    (Cook).— To    10    c.c.    of 

h 

urine    add    1    gm.   of    NajCO-,   and    1    c.c.    of    NH4OH. 
Shake  till  the  carbonate  is  dissolved,  centrifugate  earthy 

a 

^H 

phoaphates,  and  pour  off  dear  liquid  into  another  tube. 

(dram  to  ounce),  and  separat«  silver  urate  as  geUtinous 
urate,  eentrifugating  until  the  reading  is  constant.     One- 

tenth  c.e.  of  ppt.  represents  0.001178  gra.  of  uric  acid. 

This  method  is  accurate  and  very  convenient.     In 

addition  to  uric  acid  it  ppta.  the  other  alloxuric  bodies, 

^B 

particularly  the  xanthins.     To  aeparatei  the  latter,  after 

^B 

getting  the  centrifugal  sediment  as  above,  transfer  it  to 

a  smooth  filter  and  wash  with  water  till  free  of  silver. 

The  filter  is  now  punctured  and  the  ppt.  washed  into  a 

liter-flask  with  BOO  to  800  c.c.  of  water.     The  contents 

of  the  flask  are  acidulated  with  a  few  drops  of  HCI  and 
then   saturated   with   washnd   B.,S,   boiled   and   quickly 

~ 

^^M 

Altered  through  a  small  filter,  and  the  Ag^S  ppt.  washed 

V«^              ^H 

with   boiling  water.     The   flttrate  is  evaporated   over  a 

H 

naked  flame  and  then  to  dryness  on  the  water-bath.     The 

residue  of  alloiurie  bodies  is  now  treated  with  S5  c.c. 

Urlcometer.                           ^H 

of  1  t«  30  HjSO^,  heated  to  boiling  over  a  small  flame, 

652  CLINIC  CHEMISTRY. 

nnd  let  stand  for  twenty  hours.  The  acid  dissolves  the  ptuin  baMi^ 
but  not  uric  acid:  theae  are  now  separated  by  SUratton  and  washing 
with  the  diluted  HaSO^.  The  filtrate,  containing  the  xanlliids,  may 
be  tcBted  by  the  centrifugal  method  given  above,  or  by  PPtg.  wiUi 
anntoniacal  AgNOj,  incinerating,  dissolving  in  a  little  HNO3,  and 
titrating  with  standard  NH4CNS  solution.  One  part  Ag  is  equivalent 
to  0.7381  gm.  of  altoxuric  bases  calculated  as  xantbin. 

llrloometTlc  Estimation.^ — The  catimation  of  uric  acid  with  Ruhe- 
niHnn'a  modified  buret  nricometer  depends  on  the  union  of  uric  acid 
ajid  I.  CSj  ia  poured  in  to  the  mark  S,  and  an  I  solution  (I  1.5,  KI 
1.5,  alcohol  16,  water  1S6)  to  the  mark  I.  The  urine  is  now  added 
little  by  little,  with  vigorous  shaking  of  the  mlKture,  until  the  primary 
brown  color  becomes  white,  when  the  parts  per  mille  [0,175  to  2.45)  of 
uric  acid  are  read  off  directly  from  the  figures  at  the  top  of  the  liquid 

HnruRic  ACID. 

Hippuric  acid,  CpHgNOa,  ia  normally  present  in  large 
amounts  in  the  urine  of  herbivora;  in  the  autophagic  condition 
of  inanition,  however,  uric  acid  appears.  It  is  a  cryatalline  sub- 
Btance  averaging  in  daily  amount  in  the  human  urine  from  0.5 
to  1  gm.,  and  is  of  no  present  practical  interest.  It  ia  formed 
by  synthesis  of  benzoic  acid  and  glycocoll  In  the  kidneys.  It  is 
increased  by  vegetable  foods  containing  benzoic  acid,  such  as 
cranberries,  bilberries,  greengages,  etc.,  and  by  the  administra- 
tion of  benzoic,  quinic,  or  cinnamic  acid  or  toluol.  Patho- 
logically an  excess  ia  noted  in  acute  febrile  diseases,  chorea, 
diabetes  mellitus,  and  hepatic  disorders.  It  is  said  to  be  dimin- 
ished in  amyloid  degeneration  of  the  kidney  and  absent  in  acute 
and  cironic  parenchymatous  nephritis. 

Detection. — Evaporate  urine  to  dryness  with  HNOg,  heat  residue 
in  a  t«at-tube,  and  note  odor  of  bitter  almonds,  due  to  formation  of 
nitrobennol. 

GEEATIBIN. 

This  is  creatin  (C^HnNaOj)  minus  water.  It  occurs  in 
about  twice  the  quantity  of  uric  acid  and  is  a  metabolic  product 
(Long),  which  occurs  in  normal  amount  in  the  urine  of  vege- 
tarians, but  is  increased  by  a  diet  rich  in  meat.  It  is  not  appre- 
ciably augmented  by  physic  labor.  In  alkaline  urine  it  is  re- 
placed by  creatin. 

Deteotlon. — ^ZnClj  gives  a  crystalline  ppt  [  (CtHrKgOj.ZnCIil 
of  &ne  needles  grouped  in  rosettes  or  sheaves.  This  teat  may  be  used 
quantitatively. 

JalTe's  Test  for  Creatinin. — Treat  several  c,c.  of  urine  with  dilute 
aqueoiiB  picric  acid,  and  add  a  few  drops  of  dilute  NaHO  solution.  A 
red  color  develops,  turning  yellow  on  addition  of  an  acid. 

allahtoiit. 

Allantoin,  C4HbN40,  is  found  only  in  a  trace  except  in  the 
urine  of  the  newborn.  It  is  increased  by  a  meat  diet  and  the 
administration  of  tannic  acid.     It  reduces   Fehling's  solution. 


This  amounts  (cliiefly  chlorid  and  phosphate)  in  the  urine 
to  0.5  to  0.8  gm.  daily  (2  to  5  per  cent,  of  total  N  of  urine — 
up  to  10  gm,  daily).  An  increased  elimination  occurs  (mainly 
aa  ammonium  bctate)  from  the  ingeEtion  of  an  e^tcess  of  mineral 
or  aromatic  acids,  owing  to  the  eelf-protective  action  of  the 
body-cells,  especially  those  of  the  liver.  In  liver  disease  with 
extensive  destruction  of  the  glandular  elements,  the  urinary 
urea  is  much  diminished,  being  replaced  in  part  by  Nlla  and 
lactic  acid.  If  the  N  of  NH3  exceeds  10  per  cent,  of  total  N 
in  vomiting  of  pregnancy,  this  ia  toxemic  (not  reflex  or  neu- 
rotic) in  origin  (Wiiliama).  An  absolute  increase  is  noted 
after  fermentation  of  the  urine,  in  fevers  generally  (acidosis), 
and  in  diseases  of  the  liver.  It  is  sometimes  greatly  increased 
in  cnrcinoma.  A  marked  increase  (I  gm.  or  more  per  diem) 
in  diabetes  forebodes  coma.  This  increase  depends  upon  ex- 
cessive destruction  of  body-proteins,  and  consequent  formation 
of  acids. 

Ettlmatioa  ot  Ammoulk  in  Urine  (Amtin). — Place  10  c.c.  of 
fresh  urine  in  a  liter  flaak  with  400  c.c,  of  water;  add  5  gm,  calcined 
magnesia;  connect  with  Liebis  condenser,  froin  outlet  of  which  a  gtaaa 
tube  with  bulb  is  introduced  below  surface  of  20  c.c.  of  a/^Q  H3SO4  in 
an  Erienmeyer  Itnsk,  and  distill  U)t  45  minutes,  Thi-n  slop  distilliilion, 
add  as  much  boiling  wat*r  to  urine  us  will  equal  distillate,  and  distill 
SB  before  for  45  minutes  into  another  20  c.c.  n/io  U^SO^.  Titrate  both 
B1SO4  solutions  with  n/10  NaHO.  Difference  in  c.c.  between  amount! 
of  NaHO  used  in  first  and  in  second  titrations,  multiplied  by  0.0017, 
equals  amount  of  anrnionia.  In  the  Arst  distillation  both  free  and 
combined  ammonia   and   decomposed   urea   come   over — in   second,   only 

Tolnnetrlo  Determinatton  of  Ammonia. — To  10  c.c.  of  the  urine 
in  a  small  beaker  add  a  few  drops  of  phenolphthatein  indicator  ( 1  per 
cent,  in  dilute  alcohol),  then  3  or  4  gm.  potassium  oxalate,  and  stir  till 
dissolved.  Now  titrate  with  n/m  NaOH  till  a  taint  pink  color  results. 
The  number  of  c.c.  of  alkali  required  times  10  equals  the  urinarj  acidity 

(norniftlly  30°  to  40°).  Two  or  3  c.c.  of  formalin  solution  (commer- 
cial product  diluted  with  an  eiju.il  volume  of  water,  and  rendered  faintly 
alkaline  with  n/(o  NaOU,  using  phenol phthalcin  aa  an  indicator)  are 
now  added,  discharging  the  pink  color  by  liberation  of  acids  from  am- 
monium saltA.  Tilralion  ii  perfornnd  as  before,  until  the  pink  color 
just  reappears.  Each  c.c.  of  n/,,,  NaOH  required  for  the  second  reaction 
represents  O.OOOBS  gm.  nmmonin;  multiplying  by  10  gives  the  percentage 

(normally  about  O.OG),  and  the  daily  .quantity  is  easily  calculated  if 
we  know  the  per  diem  passage  of  urine. 


Variable  traces  of  pepsin  and  rennin  are  found  in  the  urine, 
the  maximum  being  four  to  six  hours  after  meals.  The  fer^ 
ments  are  said  to  be  diminished  or  absent  in  gastric  carcinoma. 
The  urine  seems  normally  to  contain  diastatic  ferments.  Lipase 
)iaB  been  found  in  certain  diseases  of  the  pancreas. 
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CALCim  OXALATE. 

From  2  to  5  decigrams  of  oxalic  acid  is  excreted  daily  in 
normal  urine,  chiefly  as  CaC204.  When  in  excess  this  is  pptd. 
as  octahedral  or  dumb-bell  crystals.  An  excess  usually  signifies 
deficient  oxidation,  oxalic  acid  being  an  intermediate  product 
in  the  degradation  of  dextrose.  On  the  urine  standing  the 
crystals  may  form  from  urates  and  uric  acid. 

The  daily  output  of  CaC204  is  increased  by  gelatin,  col- 
lagen, onions,  tomatoes,  beets,  rhubarb,  spinach,  sorrel,  cauli- 
flower, celery,  carrots,  beans,  asparagus,  apples,  pears,  grapes, 
pease,  cabbage,  claret,  tea,  and  effervescent  drinks.  An  excess  is 
also  observed  in  defective  digestion  of  fats  and  carbohydrates 
(flatulent  and  nervous  dyspepsia) ;  in  malassimilation,  the 
gouty  habit,  cancer,  tuberculosis,  diabetes  mellitus,  organic  liver 
and  pancreatic  disease,  diseases  of  heart  and  lungs,  rickets,  epi- 
lepsy, catarrhal  jaundice,  and  convalescence  from  serious  dis- 
eases. Oxaluria  ("false  Brighfs  disease^'),  manifested  by  vesic 
tenesmus  and  pain  across  the  back,  sometimes  extending  down 
the  thighs  or  into  the  testicles,  often  accompanies  spermator- 
rhea, sexual  neurasthenia,  and  functional  melancholia  or  hypo- 
chondriasis. 

CaC204  is  normally  held  in  solution  by  N'aH2P04.  When 
this  is  transformed  to  the  neutral  or  alkaline  phosphate,  crystals 
of  oxalate  are  thrown  down.  A  milk  diet  is  said  to  prevent 
pptn.  of  calcium  oxalate.  Oxaluric  acid  occurs  in  traces  as  the 
NH4  salt,  NHCOCOOHNH2CO. 

BILE-SALTS. 

The  biliary  acids  are  present  normally  (Purdy)  in  the  urine 
to  the  extent  of  0.12  gm.  daily.  They  are  increased  by  active 
muscular  exercise  and  diminished  after  meals.  Pathologically  an 
increase  is  noted  in  most  blood  diseases,  malaria,  and  particu- 
larly in  liver  disorders,  especially  the  decline  of  bilious  attacks 
(obstruction  in  hepatic  ducts).  A  decided  and  persistent  de- 
crease takes  place  in  chronic  interstitial  nephritis.  If  urine  is 
free  from  chelates  (Austin),  sublimed  S  remains  on  its  surface; 
if  they  are  present,  it  sinks  rapidly  to  the  bottom. 

Estimation. — Oliver's  test  solution  consists  of  ^  dr.  of  powdered 
pep  ton,  4  gr.  of  salicylic  acid,  ^  dr.  of  acetic  acid  and  8  oz.  distilled 
water,  repeatedly  filtered  till  quite  transparent.  It  reacts  to  1  part 
in  10,000  or  more.  To  make  the  test  the  urine  must  be  made  perfectly 
clear  (by  filtering  or  shaking  with  magnesium  fiuid),  be  rendered  acia, 
and  have  its  sp.  gr.  reduced  to  1.008.  Twenty  m.  of  the  urine  are  added 
to  60  m.  of  the  test  solution.  If  bile-acids  are  present  in  normal 
quantity,  no  immediate  reaction  occurs,  but  in  a  few  minutes  the  urine 
becomes  faintly  opalescent.  An  excess  is  indicated  by  the  immediate 
appearance  of  a  distinct  milkiness.  The  test  can  be  made  approxi- 
mately quantitative  by  mixing  equal  parts  of  the  test  solution  &nd  of 
normal  urine  as  a  standard.     A  urine,  for  instance,  of  which  10  m. 


with  00  of  the  test  eolution  produces  the  aame  degree  of  opacity  as  the 
normnl  atandard  mentioned,  contains  six  times  as  much  bJIe-salts  a* 
normallj. 

KUCIH. 

A  small  quantity  of  mucin  is  present  in  all  urines,  espe- 
cially that  of  womon,  from  vaginal  admi:cture.  An  e^ceea  shows 
infectious  or  toxic  nephritis,  or  irritation  or  infiammation  of  the 
gen ito-uri nary  tract  below  the  kidneys,  by  abuormal  products 
(jaundice),  concentrated  urine  or  urinary  crystals,  or  following 
anesthesia.  Muclnuria  often  precedes  albuminuria  in  fevers. 
Escessive  amounts,  with  abundance  of  epithelium,  are  encoun- 
tered in  cystitis,  making  the  urine  slimy  and  viscid. 

Detection. — Mucin  is  pptd.  in  light-colored  threads  by  vegetabls 
acids  or  quite  dilute  mineral  acida.  The  test  is  made  more  delicate  by 
treating  with  alcohol  for  several  hours,  and  acidifying  the  flltrale  with 
acetic  acid.  On  shaking  mucinous  urine  (after  clouding  with  acetic 
acid)  with  chloroform  or  pther,  a  cloudy  ring  of  mucin  forms  at  the 
plane  of  contact  after  the  liquids  separate. 

imCLEOALBinEIK. 

Normai  urine,  save  Simon,  contains  a  trace  of  simple  pro- 
teid,  and  small  quantities  of  nucleic  and  chondroi tin-sulphuric 
acids,  and  occasionally  taurocholic  acid.  These  acids  combine 
with  simple  proteid,  "forming  "nucleoalbumin,'"  which  is  pptd. 
by  acetic  acid,  like  mucin.  Unlike  mucin,  on  boiling  for  an 
hour  with  dilute  IICI,  it  yields  H2SO4  as  well  as  a  reducing  aub- 
Btonce.  It  indicates  epithelial  degeneration,  and  is  increased  in 
urine  containing  bile. 

COLORinS   lUTTEES. 

These  are,  in  genera],  best  distinguished  by  the  spectro- 
scope. Normal  urobilin,  C32HioN407,  and  its  impure  deriva- 
tive, uroehrom,  are  the  chief  coloring  matters  of  the  urine, 
amounting  to  about  4  gm.  daily.  TJicy  may  originate  either  from 
bile  or  blood-pigment.  They  are  somewhat  resinous  and  not 
very  soluble;  hence  they  are  removed  to  some  extent  by  simple 
filtration.  They  are  increased  whenever  destruction  of  red  cor- 
puscles is  augmented,  as  in  fevers  generally,  chiefly  by  bacterial 
action  in  the  intestines,  e.\cessive  intestinal  putrefaction,  internal 
hemorrhages,  heart  and  liver  diseases,  typhoid  and  septic  con- 
ditions, scurvy,  hemophilia,  and  progressive  pernicious  anemia. 
A  decrease  is  noted  in  diabetes,  P  poisoning,  chronic  nephritis, 
anemia,  chlorosis,  nervous  disorders,  extra-uterine  pregnancy, 
and  convalescence.  They  may  be  absent  in  total  obstruction  of 
bile.  Urobilin  e.xists  in  tbe  urine  as  urobilinogen,  which  darkens 
to  urobilin  on  adding  mineral  acids  and  on  exposure  to  light. 

Detection  of  nroblUn.—Acidulate  10  c,c,  of  urine  with  a  few 
drops  of  HCt,  shake  with  half  aa  much  amyl  alcohol,  and  add  a  few 
drops  of  1  per  cent,  alcoholic  solution  of  ZnCls  rendered  strongly 
alkaline   with   NB4OH.     A   beautiful   green   fluorescence   appears. 
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Rosenbach  adds  one  drop  onljr  of  5  per  cent,  solution  of  CrO^, 
getting  a  pure  green  color.  Urobilin  when  in  excess  gives  a  broad 
absorption  oand  in  the  extreme  right  of  the  green — between  blue  and 
green. 

Detection  of  TJrochrom. — ^Ppt.  from  solution  with  ammonium 
sulphate  and  decompose  with  an  acid,  yielding  a  brown  or  black 
substance. 

Uroerythrin  (purpurin,  rosacic  acid)  is  an  amorphous, 
brick-red,  iron-free  substance,  formed  bjr  oxidation  of  urochrom 
and  usually  in  combination  with  uric  acid.  The  pink  or  reddish 
color  of  urates  in  deposits  is  due  to  uroerythrin.  Its  solution  is 
decolorized  by  light  and  is  colored  dark-green  by  an  alkaline 
hydrate.  An  increase  of  this  substance  is  observed  in  malarial 
fever,  pneumonia,  erysipelas,  and  hepatic  cirrhosis  or  cancer. 

Pyrocatechin  is  commonly  found  in  the  urine  as  a  result 
of  intestinal  putrefaction,  and  causes  the  urine  to  darken  on 
standing.  Its  presence  is  shown  by  boiling  with  HCl,  extracting 
with  ether,  evaporating,  and  testing  with  FeCls.  A  dark-green 
color  appears,  turning  violet  on  adding  a  little  Na2C03.  It  is 
derived  from  pyrocatechinic  acid,  present  in  many  plants. 

GLYCEROPHOSPHOBIC  ACID. 

C3H9PO0  is  derived  from  nervous  tissue  and  amounts  nor- 
mally to  20  mg.  daily.  It  is  increased  in  nervous  and  febrile 
disorders  and  after  chloroform  anesthesia.  Oxyproteic  acid, 
C43H82N'i403iS,  is  said  to  constitute  2  to  3  per  cent,  of  the 
total  N  excreted  in  the  urine.  Glycocoll  (von  Noorden)  is  nor- 
mally present  in  all  urine  (up  to  1  per  cent,  total  N). 

GASES. 

The  gaseous  constituents  of  the  urine  amount  to  about  16 
per  cent,  by  volume,  of  which  nearly  %  is  CO2,  and  %  N,  with 
very  little  0.  The  passage  of  air  with  urine  may  depend  on 
mechanic  introduction,  as  in  the  knee-chest  position  of  cystos- 
copy or  during  irrigation.  Enlargement  of  the  prostate  and 
urethral  stricture  favor  pneumaturia,  the  diagnosis  of  which  is 
made  certain  by  having  the  patient  urinate  into  water.  The 
amount  of  CO  2  may  be  greatly  increased  by  yeast  fermentation 
(diabetes),  and  by  the  presence  of  colon  bacilli  or  B.  aerogenes 
capsulatus.  In  congenital,  traumatic  or  necrotic  vesicoenteric 
fistulas  the  foul  odor  of  H2S  and  of  feces  is  noted,  and  the  ex- 
ploring sound  may  be  blackened.  Certain  bacteria  may  infect 
the  bladder  (cystitis)  and  lead  to  generation  of  H2S  therein. 
All  urines  on  exposure  to  the  air  develop  H2S. 


ABNORMAL  CONDITIONS. 
AXBTmiKTrRIA   AND   GLOBTTLUnTBIA. 

True  or  renal  albuminuria  is  persistent  and  usually  consid- 
erable in  amount.  It  is  nearly  always  accompanied  by  casta, 
anemia,  dropsy,  or  uremia.  The  access  of  the  circulating  pro- 
t«inB  to  the  urine  is  attributable  chiefly  to  impaired  nutrition 
of  the  renal  cells,  due,  in  the  first  place,  usually  to  ehemic  irri- 
tants {lead,  alcohol)  or  toxins.  Under  this  division  come  acute 
and  chronic  parenchjTnatous  nephritis  (large  amount),  chronic 
interstitial  nephritis  (small  amount;  sometimes  absent),  active 
and  passive  renal  congestion  (small  quantity),  amyloid  de- 
generation (globulin  sometimes  exceeds  albumin),  malignant 
growths  (small  or  moderate  amount),  rena!  cysts  (5  to  30  per 
cent,  by  volume),  movable  and  floating  kidney  and  hydrone- 
phrosis (small  amount  in  all),  and  the  passage  of  excess  of 
uric  acid  or  calcium  oxalate  crystals  or  urates.  In  severe  renal 
disease  the  ratio  of  albumin  to  globulin  is  about  2.5 : 1. 

Functional,  or  "physiologic,"  albuminuria  is  small  in 
amount,  transitory,  and  intermittent,  in  apparently  healthy, 
but  often  neurotic,  persons.  It  te  rarely  accompanied  by  hyaline 
casts.  Common  causes  of  this  form  are  cold  baths ;  severe  men- 
tal or  muscular  exertion  (bicj'cling) ;  violent  emotions;  eating 
eggs,  cheese,  or  meat  to  excess,  and  following  anesthesia.  Con- 
centrated urine  with  or  without  a  deposit  of  uric  acid  or  calcium 
oxalate  is  frequently  accompanied  by  a  little  albumin  and  a  few 
cylindroids.  In  the  cyclic,  periodic,  static,  or  postural,  variety 
of  albuminuria  the  albumin  disappears  from  the  urine  at  night 
or  during  rest,  recurring  after  meals  or  exercise.  It  is  most 
often  observed  in  male  adolescents,  and  is  attributed  to  renal 
congestion  due  to  the  erect  posture  or  to  floating  kidney.  A 
trace  of  albumin  is  present  for  the  first  few  days  after  birth, 
and  in  persons  dead  for  some  hours  any  retained  urine  may 
contain  albumin  from  the  macerated  bladder-walls. 

Albuminuria  of  nervous  origin  is  usually  slight,  and  may 
be  temporary  or  permanent.  It  is  observed  from  high  blood- 
pressure  after  epileptic  attacks ;  also  in  surgical  shock,  cerebral 
hemorrhage,  exophthalmic  goiter,  lead  colic,  mental  strain  and 
worry,  concussion  of  the  brain,  acute  iutestinai  obstruction, 
mania,  delirium  tremens,  tetanus,  and  even  occasionally  in 
migraine  and  menstruation  (reflex). 

The  circulatory  form  of  albuminuria  is  usually  slight  in 
amount,  and  is  most  commonly  due  to  passive  congestion  of  the 
kidneys,  as  in  organic  heart  disease  and  great  weakness,  or 
hepatic  cirrhoris,  pleuritic  effusions,  or  emphysema.  The  same 
type  is  exemplified  in  compression  of  the  renal  veins  by  tumors, 
the  enlarged  spleen  (hypostatic  albuminuria),  or  the  pregnant 
uterus.    It  is  also  seen  in  sudden  exposure  to  cold  and  wet  and 
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in  arteriosclerosis.  In  renal  embolism  the  albuminuria  is  sudden 
and  pronounced^  with  hematuria^  disappearing  gradually  in  a 
few  days.  Severe  diarrhea  leads  to  albuminuria  through  dehy- 
dration and  degeneration  of  renal  epithelia. 

Obstructive  albuminuria  is  accompanied  by  temporary  or 
permanent  oliguria.  A  common  cause  of  this  type  is  impacted 
calculus,  which  is  manifested  further  by  aching  pain  in  the 
loin,  crystals  and  concretions,  and  bloody  urine.  Another  cause 
is  twist  of  the  ureter  by  a  displaced  kidney,  in  which  there  is 
also  severe  paroxysmal  pain  like  renal  colic.  Other  causes  of 
this  nature  are  peritonitic  adhesions,  pressure  on  a  ureter  by  a 
tumor  or  the  pregnant  uterus,  and  the  uric  acid  infarcts  of 
infants. 

The  hemic  type  of  albuminuria  depends  on  abnormal  blood- 
changes,  and,  in  addition  to  all  the  blood  diseases,  includes  ma^ 
laria,  jaundice,  obesity,  diabetes  mellitus  (irritation  of  sugar)  ^ 
gout,  syphilis,  nutrient  enemata  and  intestinal  autointoxication 
(disappears  rapidly  under  intestinal  antiseptics),  and  severe 
stomach  diseases  (late  stage  cancer;  gastrectesia) .  Absorption 
of  pleural  effusions  is  often  accompanied  by  slight  albuminuria 
(with  excess  of  chlorids).  The  toxins  from  an  abnormal  ovary 
may  cause  slight  albuminuria  during  menstruation. 

Toxic  albuminuria  represents  the  local  irritant  action  of 
chemicals  in  the  blood  on  the  kidneys;  it  is  often  attended  by 
bloody  or  discolored  urine.  The  most  common  agents  giving 
rise  to  this  symptom  are  turpentine,  cantharis,  saltpeter,  car- 
bolic and  salicylic  acids,  tar,  creosote,  iodin,  lead,  arsenic,  mer- 
cury, alcohol,  phosphorus,  ether,  chloroform,  morphin,  mineral 
acids,  ammonia,  and  carbon  monoxid.  Pelletierin,  used  as  a 
remedy  for  tapeworm,  has  set  up  albuminuria  with  casts. 

In  the  febrile  type  of  albuminuria  the  hemic,  toxic  (toxins), 
and  circulatory  forms  are  combined.  We  find  albuminuria  in 
nearly  all  acute  inflammations  and  infectious  fevers,  especially 
scarlatina,  in  which  albuminuria  is  post-febrile  and  due  to  acute 
nephritis.  In  diphtheria  there  is  a  nephritis  during  the  attack. 
Albuminuria  often  accompanies  tonsillitis.  In  appendicitis  it 
indicates  toxic  absorption. 

False  or  adventitious  albuminuria  is  due  to  the  presence  of 
pus  or  blood  from  any  part  of  the  urinary  tract,  or  to  semen, 
prostatic  fluid,  or  vaginal  discharges.  In  pyelitis  there  is  often 
considerable  albumin  (more  than  is  accounted  for  by  the  pus 
in  the  urine)  :  a  distinction  from  cystitis.  Albumin  from  leu- 
corrhea  is  readily  excluded  by  catheterization. 

Qualitative  Tests  for  Albumin  and  Globulin. — Formaldehyd  in 
the  urine  'may  simulate  albuminuria  in  any  of  the  ordinary  tests. 
When  urine  is  not  rendered  clear  by  simple  filtration,  make  turbid 
filtrate  distinctly  alkaline  with  KOH,  add  a  few  drops  of  magnesia 
mixture  (1  part  each  NH4CI,  MgS04  and  strong  NH4OH,  and  8  parts 
distilled  water),  warm  slightly  and  filter  through  a  new  paper. 

Roberts's   Contact   Test. — Fill    a   clean   wineglass   one-half   with 
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clear  or  Altered  urine.  Incline  the  glaaa  And  slide  under  the  urine 
about  halt  aa  much  of  the  nitric  nsgnesian  fluid  ( 1  port  of  strong 
HNO;,,  0  parts  of  eaturated  MgS04  solution),  and  let  stand,  if  need  be, 
tor  fifteen  minules.  H  albumin  is  present  (1  to  50,000  or  less)  a  white 
band  will  appear  exactly  at  the  junction  of  acid  and  urine.  This  zone 
is  sharply  outlined  above  and  below,  and  appearn  best  against  a  dark 
background.  The  width  of  the  band  depends  mostly  upon  the  degree 
of  admixture  of  the  two  fluids,  and  is  not  so  much  a  criterion  of 
quantity  as  ia  its  density.  When  there  is  a  relative  excess  of  uric  acid 
a  light-colored  ring  is  to  be  seen  at  a  little  distance  above  the  line  of 
junction,  or  the  whole  layer  of  urine  may  become  turbid.  Excesa  of 
mucus  ia  manifested  by  a  diffuse  irregular  cloudiness  in  the  upper  part 
of  the  urine.  Various  colorings  (blue  or  red  from  indican;  red  Irora 
uroroseinogen;  red-brown  from  iodids)  are  often  to  be  seen  about  the 
line  of  contact.     The  test  is  one  of  the  best  for  routine  examinations. 
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though   it  alno  gives  a   white  lone  with   alknloids,   reainous  medicines 
(soluble  in  alcohol  or  ether),  and  albumoaes   (cleared  by  heat). 

Heat  Test.— To  a  half-filled,  wide  test-tube  of  urine  add  a  drop 
of  10  per  cent,  acetic  acid;  if  alkaline,  add  2  or  3  drops  until  faintly 
acid.  ^^^  should  not  be  used,  since  it  would  form  soluble  acid 
albumin,  llic  addition  of  one-fourth  as  much  saturated  NaCI  solution 
aids  considerably  in  pplg.  globulin  and  keeping  mucin  In  solution. 
Heat  the  upper  halt  of  the  urine  to  boiling  (albumin  coagulates  about 
T5°l,  and  note  white  ppt.  if  it  appears.  When  due  to  earthy  phosphates 
this  opacity  clears  up  on  adding  a  tew  more  drops  of  acetic  acid, 
whereas  the  albumin  opacity  remains  and  may  became  denser.  The 
eloudinena  of  the  upper  part  as  compared  with  the  lower  is  best  dis- 
cerned against  a  dark  background.  Balsamic  and  resinous  acida 
(copaiba,  tolu,  turpentine)  raay  give  an  amorphous  ppt.  cleared  by 
alcohol.  This  is  the  oldest  test  for  albumin,  and  quite  certain.  In 
urgent  cases  one  may  boil  the  urine  in  a  teaspoon. 

Ferroeyanld  Test. — Mix  I  part  60  per  cent,  acetic  acid  and  S 
parts  10  per  cent.  KfFeCyg  solution  in  a  wineglass,  and  carefully 
overlay  with  the  clear  acid  urine.  A  sharply  deflned  white  tone  at 
point  of  contact  showd  the  presence  of  albumin.  This  reagent  does  not 
ppt.  peplons,  alkaloids,  or  phosphates,  but  may  ppt.  albumoaes  and 
acid  urates  (cleared  by  heat).     Mucin  may  react  to  the  acid  reagent 

Splegler'i  Contact  Test  for  Albamtit.— The  reagent  contains  40 
parts  of  mercuric  chlorid,  20  parta  of  tartaric  acid,  100  parts  of  whit« 
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a  drop  of  HCl  clears.    The  teat  la  laid  to  react  with  1  part  of  albumin 
in  160,000. 

Separation   of  Qlobnllni   from  Allmmlni. — Mix  urine  with    an 

equal  volume  of  saturated   (NH^l^SOi  or  MgSOf  BOlutlon    (ppta.  glob- 

ulios  and  albumoaeB),  leaving  leruni  albumin  in  solution    (pptd.  only 

when  saturated  with   above  salts).     IMssolTe  first  ppt   in   1   per  cent 

soda  solution,  and  acidulate  with  acetic  acia.    Albu- 

moses  remain   in  solution,  while  globulins  are  pptd. 

(ppt.  insoluble  in  NaCl  solution). 

Quantitative  Testi  for  A11>iu>>in. 

Pnrdy'i  CentrlfuKal  Method.— To  10  c.c.  of 
urine  add  3  c.c.  of  10  per  cent,  solution  of  potassium 
ferrocyanid  and  2  c.c.  of  60  per  cent,  acetic  acid.  Set 
aside  for  ten  minutes,  then  revolve  for  three  minutes 
at  a  uniform  rate  of  ISOO  revolutions  per  minute. 
The  weight  percentage  Is  almost  exactly  one-fiftietb 
of  the  bulk  percentage. 

Eabacb  Xethod. — A  graduated  album!  nometer 
and  a  standard  solution  are  employed.  The  solution 
consists  of  10  gm.  of  picric  acid,  20  gm.  of  citric  add 
and  distilled  water  to  a  liter.  The  albuminometer 
tube  is  filled  with  urine  to  the  letter  U,  then  the  test 
solution  is  added  to  H,  and  the  two  fluids  well  mixed. 
The  tube  is  let  stand  for  twenty-tour  hours,  when  tba 
depth  of  the  sediment  will  show  the  amount  of  albu- 
min in  gm.  per  liter.  The  test  is  simple,  hut  only 
approximate  in  its  results,  and  the  solution  reacts 
with  moat  other  proteins  as  well  as  albumin;  also 
with  quinin  and  antipyrin.  The  density  of  the  urina 
should  not  exceed  l.OOS.  It  should  be  acid  (add 
acetic  acid  if  need  be),  and  be  kept  at  about  15*. 

Oravlmetrlo  Kethod. — This  consists  simply  in 
acidulating  100  c.c.  of  the  urine  with  acetic  acid, 
filtering,  boiling  for  a  half-minute,  filtering,  drying 
until  the  weight  of  the  filter  and  contents  is  constant 
and  then  weighing.  The  test  is  easy,  but  c 
considerable  time. 


ALBUHOBITBIA. 

V       H  This  conditioQ  indicates  perverted  metab- 

^     iH  olism  of  proteins  and  haa  been  noted  in  sup- 

puration, tuberculosis,  tertiary  syphilis,  hemi- 
plegia, carciuoma,  diphtheria,  double  pneu- 
monia, P  poisoning,  and  muscular  and  renal 
~AlbuiaiiiaiDeter.~  atrophy;  proteo album o 96  also  in  scarlet  fever, 
pregnancy,  nephritis,  insanity  and  transitory 
disorders  of  nutrition,  and  after  tuberculin  injections.  Deutero- 
albumose  (pptd.  by  Esbach's  reagent  added  to  boiling  urine  and 
allowed  to  cool;  or  by  Boston-Roberta  reagent  =10  saturated 
MgS04  and  1  HNO3)  is  found  in  the  urine  after  massage  of  the 
prostate  in  prostatitis  or  prostatic  abscess.  True  peptons  are 
practically  never  present  in  urine. 

In  emulsion  albuminuria  the  urine  appears  milky,  and  shows 
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minnte  fat-globules  with  the  microscope.  The  turbidity  is 
cleared  by  artificial  peptic  digeation.  Boiling  causes  a  heavy 
ppt.  BcDce-JouCB  protein  (intermediate  between  albumoees  and 
true  albumins)  contains  loose  S  and  is  always  the  result  of  dis- 
pase  of  the  bone-marrow  with  high-grade  anemia,  being  due  to 
degeneration  of  the  myelocytes  or  of  myelogenic  tumor-rells 
(multiple  myelomata).  Histon  and  nucleohiston,  derived  from 
cell-nuclei,  may  appear  in  the  urine  when  there  is  great  destruc- 
tion of  leucocytes. 

FIBEIinrKIA. 

Without  accompanying  hematuria,  this  condition  (coagu- 
lable  urine)  is  Been  only  in  chyluria  and  croupous  inflammation 
(tuberculosis,  diphtheria)  of  the  urinary  passages.  Macroscopic 
fibrinous  plugs  are  sometimes  found  in  the  urine  of  pyelitis  and 
ureteriti.*.  They  do  not  dissolve  in  hot  water,  but  are  acted  on 
readily  by  pepsin  and  dilute  HCl  or  by  boiling  with  1  per  cent, 
^oda  Eohttion. 

Paniun'i  Teit  tot  Albumoiei. — Render  urine  highly  acid  with 
ftcetic  acid,  add  an  equal  volume  of  saturated  NanSO^,  neat  to  boiling, 
and  filter  hot.  Albumoses  (biuret  teat  to  confirm)  ppt.  from  the 
filtrate  aa  it  coola.  On  adding  IINO3  and  beating,  the  ppt.  redissolves, 
to  deposit  again  on  cooling, 

Teit  for  Benoe-Jonei  Albumin  (Boiton). — ^Boil  60  c.c.  of  urine, 
Btrongl;  acidulated  with  acetic  acid,  with  an  equal  volume  of  saluraled 
NaCl,  and  filter  while  hot;  if  filtrate  becomca  cloud;  on  cooling,  tbia 
form  of  albumin  is  probably  present.  Verify  by  washing  ppt.  with 
saturated  NaCl,  dissolve  in  NaHO  solution,  and  boil,  while  adding  10 
per  cent,  lead  acetate  droii  by  drop  for  a  minute,  getting  a  coarsBly 
granular  ppt,  of  black  sulphid.  This  form  of  nlbitmin  coagulates  on 
heating  to  50",  clearing  up  on  boiling.  It  gives  the  biuret  reaction 
and  is  pptd.  by  alcohol. 

Teit  for  Hilton. — Free  urine  from  albumin  b^  boiling,  cooling 
and  pptg.  with  4  volumes  of  95  per  cent,  alcohol.  Dissolve  ppt.  in  hot 
water,  and  let  cool.  Get  rid  of  uric  acid  by  pptg,  with  HCl,  letting 
stand  four  hours,  filtering  off  uric  acid,  crystallizing  and  pptg,  filtrate 
with  NH,IIO;  wash  ppt  with  water  containing  a  little  NH,HO,  and 
redissolve  in  diluted  acetic  acid.  If  histon  is  present,  this  solution 
should  coagulate  on  boiling,  and  give  the  biuret  reaction, 

StSerentiatlon  of  Source  of  Albumin. — In  pyelitia  the  volume  of 
albumin  by  Purdy's  method  is  greater  than  the  volume  of  pus  and 
blood:  in  cystitis  the  rcverae  obtains.  In  hematuric  Blbuminuria  the 
albumin -volume  la  greater  than  six  times  the  volume  of  sedimented 
blood  if  from  the  renal  tubules  or  pelvia;  otherwise,  less  than  six 
times  this  volume.  The  number  of  red  blood-cells  per  cu.  mm.  o[  well- 
shaken  urine  divided  into  percentage  of  albumin  by  Esbach's  method 
is  leas  than  ^^oooo  ■'  albumin  is  due  solely  to  blood;  more  than 
^KKW  >'  albumin  is  in  excess  of  blood  contents.  In  pyuria  100,000  pus 
cells  [well-mixed  daily  urine  with  same  volume  of  staining  fiuid) 
equal  1  per  cent,  by  volume  (Esbach's  albuminometer)  of  albumin.  If 
the  ratio  of  albumin  to  hemoglobin  is  above  the  proportion  of  1  to  10. 
true  albuminuria  is  also  present,  and  the  hemorrhage  is  probably  c 
renal  o-"-"- 
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OLTCOBtTRIA. 

The  presence  of  dextrose  (aiid  rarely  levulose)  in  the  urine 
may  be  claesified  etiologically  as  artificial,  tranBitory,  and  dia- 
betic. Artificial  glycosuria  is  produced  by  exceea  of  carbohydrate 
food  (passing  into  lacteals),  sweet  wines,  grapes,  and  confec- 
tionery; also  by  thyroid  or  siiprarenaJ  extract,  or  antitoxin,  and 
in  chronic  lead  poisoning;  in  asphpda;  and  in  poisoning 
(cellular  asphyxia)  by  phosphorus,  coal-gas,  chloroform,  or 
ether  (inhalations),  curare  (muscular  paralysis),  HCN,  H2SO4, 
Btrj'chniD,  Hg,  alcohol,  exceseive  cigar-smoking  (CO),  fusel-oil, 
uranium  salts,  HgCl2,  amyl  nitrite,  or  nitrobenzol.  Phloridzin 
glycosuria  may  be  due  to  intrarenal  decomposition  of  phloridzin 
into  phloretin  and  phlorose  (closely  related  to  glucose).  The 
latter  is  excreted ;  the  former  returns  into  the  blood  and  recom- 
bines  with  sugar  to  form  phloridzin,  which  is  again  acted  on  by 
the  kidneys.  The  blood  can  contain  only  3  parts  per  1000  of 
sugar.  Grape-sugar  occurs  normally  in  urine  to  the  extent  of 
about  1  part  in  10,000.  Levulosuria  alone  may  occur  in  neuras- 
thenic subjects. 

Alimentary  glycosuria  may  be  due  to  partial  lack  of  func- 
tion of  the  pancreas.  This  form  of  glycosuria  is  determined  by 
giving  the  patient  in  the  morning,  on  an  empty  stomach,  70  to 
100  gm.  of  grape-sugar  in  500  c.c.  of  tea  or  coffee,  and  then 
testing  the  tirine  for  dextrose  at  intervals  of  two  hours.  The 
dextrose  is  slight  or  absent  after  fasting. 

Slight  or  transient  glycosuria  is  noted  especially  in  fat 
elderly  men  and  women;  it  is  quasinormal  (urine  high  or  nor- 
mal color;  little  sugar;  slight  polyuria),  and  is  due  to  a  lower- 
ing of  the  sugar-consuming  power  (sugar  storing)  of  the  tissuBB, 
with  lack  of  oxidation.  In  other  forms  of  non-diabetic  glyco- 
suria there  is  some  pathologic  agency  affecting  tlie  glycogen- 
fitoring  function  of  the  liver,  either  through  the  nervous  system, 
the  stomach,  or  the  pancreas  or  by  directly  attacking  the  liver. 
Gouty  glycosuria  is  allied  to  the  alimentary  glycosuria  of 
obesity.  Senile  glycosuria  probably  depends  upon  the  greatly 
reduced  capacity  of  the  aged  body  to  consume  sugar.  The  form 
which  follows  falls  and  injuries  or  nervous  lesions,  such  as  cere- 
bral apoplexy  and  cerebral  edema,  is  analogous  to  the  sudden 
discharge  of  accumulated  liver-glyoigen,  caused  by  experimental 
lesions.  In  neurasthenia  the  glycogon-storing  function  of  the 
liver  is  permanently  depressed,  and  hyperglycemia  and  diabetic 
symptoms  may  ensue.  The  influence  of  boils,  ulcers,  carbuncles, 
and  many  acute  infections,  particularly  malaria  and  Influenza, 
in  causing  glycosuria,  seems  to  depend  upon  the  toxins  produced 
in  these  conditions,  and  it  usually  disappears  along  with  the 
fever.  Glycosuria  has  been  noted  in  Basedow's  and  in  Addison's 
disease,  myxedema,  acromegaly,  syphilis,  and  cholera.  Glyco- 
suria may  complicate  diseases  of  the  brain  and  spine,  hepatic 
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cirrhosis,  cholera,  phthisis,  pneumonia  and  asthma,  later  preg- 
nancy, and  the  puerperal  state.  Transient  glycosuria  may 
appear  after  epileptic  and  hysteric  paroxysms,  or  any  violent 
emotional  attack.    Earely  glycosuria  complicates  an  old  nephritis. 

True  diabetic  glycosuria  is  persistent  and  usually  marked 
(up  to  12  per  cent.;  more  than  500  gm.  daily),  with  polyuria, 
polydipsia,  polyphagia,  emaciation,  and  pruritus.  It  is  often 
accompanied  with  acetonuria,  lipuria,  alkaptonuria,  and  oxy- 
butyria. The  most  marked  lesion  known  to  be  capable  of  pro- 
ducing diabetes  mellitus  is  wasting  of  the  pancreas,  pari;iculariy 
interacinar  pancreatitis  involving  the  islands  of  Langerhans. 
Diabetes  is  probably  due  directly  to  the  lack  of  an  enzyme  to 
split  dextrose  so  that  it  can  be  finally  oxidized  to  CO2.  The 
increase  in  the  water  is  generally  in  direct  ratio  to  the  quantity 
of  sugar  present. 

Bronzed  diabetes,  or  hemochromatosis  plus  glycosuria,  is 
manifested  by  diabetic  signs  and  symptoms,  bronze  pigmentation 
of  the  surface,  and  the  deposit  of  brownish-black  iron-containing 
(hemosiderin)  and  yellow  non-ferruginous  (hemofuscin)  gran- 
ules in  the  internal  organs.  It  is  due  to  unknown  toxic  causes 
which  lead  to  breaking  down  of  the  blood-cells  and  interstitial 
inflammation  of  the  liver  and  pancreas.  The  iron-containing 
pigment  in  the  tissues  is  detected  by  treating  with  HCl  and 
K4FeCy6. 

Glucosamin,  C0H13NO5,  occurs  in  combination  with  mucin 
or  chondroitin.  It  is  a  link  between  proteins  and  carbohydrates, 
and  may  explain  the  constant  elimination  of  sugar  in  severe  dia- 
betes when  no  carbohydrates  are  ingested.  It  reduces  like  glu- 
cose, has  the  same  osazone,  and  is  dextrorotatory,  but  does  not 
ferment. 

Tests  for  Olyoosurla. 

Morphin,  strfrchnin,  turpentine,  alcohol,  amyl  nitrite,  chloral, 
chloroform,  glycerin,  mercury,  rhubarb,  cascara,  salicylates,  cubebs, 
copaiba,  arsenic,  dilute  hydrocyanic  or  sulphuric  acid,  acetanilid  and 
other  coal-tar  products  taken  by  the  patient  may  simulate  glycosuria, 
and  formalin  or  chloroform  added  to  the  urine  may  give  a  false 
reaction  for  sugar. 

Haines's  Test. — The  solution  consists  of  ^  dr.  of  pure  CUSO4  dis- 
solved in  ^  oz.  of  distilled  water;  ^  oz.  pure  glycerin;  and  6  oz.  liquor 
potasssB.  The  object  of  the  glycerin  is  to  prevent  the  precipitation  of 
the  copper  hydrate  that  is  formed.  Take  about  1  dr.  of  the  solution  in 
a  test-tube,  bring  it  to  a  boil,  and  add  6  to  8  drops  of  the  urine  while 
boiling.  If  glucose  is  present  a  yellow  or  red  ppt.  is  at  once  thrown 
down.  The  yellow  appears  first  and  is  due  to  reduction  to  cuprous 
hydrate;  the  red  sediment  is  cuprous  oxid.  The  boiling  should  not  be 
continued  longer  than  a  minute,  since  uric  acid  (gray  ppt.  of  cuprous 
urate)  and  other  substances  will  reduce  copper  solutions  on  prolonged 
heating  or  even  on  standing,  giving  a  greenish  opacity.  The  grayish 
cloud  of  earthy  phosphates  pptd.  by  the  alkali  of  the  solution  should 
not  be  mistaken  for  an  indication  of  sugar.  The  former  settle  slowly 
and  unevenly,  and  leave  the  solution  above  transparent.  Urine  having 
a  sp.  gr.  of  1.030  is  best  diluted  1:6;  if  higher,  1:10.     If  more  than 
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It  trace  of  Blbumio  is  present,  it  should  be  removed  belore  making  the 
teat.  This  is  the  best  qualitative  test  tar  appreciable  amounU  of 
sugar  in  the  urine.  It  reacts  with  0.02  per  cent  of  glucose.  CujO  is 
soluble  in  acids  (highly  acid  urine).  NH4OH  and  exoess  of  sugar. 
Test-lubes  used  for  Uaines's  and  Fehling's  testa  can  be  cleaned  with 
a  little  HKO,. 

Fehllng  1  Teat. — This  older  test  is  preferred  by  some,  though  it 
has  a  number  of  disadvantages.  The  solution  contains  34,639  gia,  of 
CuSO,,  500  c.c.  of  NaHO  solution  (ap.  gr.,  1.13),  and  173  gm.  of  e.  p, 
Rochelie  salts  in  enough  distilled  water  to  make  a  liter.  Each  c.c.  of 
the  solution  is  exactly  decoloTized  by  S  nig.  of  dextrose  (0.7  mg. 
tactoae).     The   tartrate   serves   the   same   purpose   as    the   glycerin   in 
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Haines's  test,  and  reduction  takes  place  in  the  same  manner.  The 
copper  solution  and  the  Rochelle-and-soda  solution  are  best  kept 
separate  till  used,  mixing  equal  parts  and  addin|^  the  urine  drop  by 
drop  till  a  quantity  equal  to  the  mixed  reagent  is  added.  Fehling's 
solution  is  reduced  by  sugar,  urio  acid,  glycuronic  acid,  alkapton, 
ereatin,  hippurio  acid,  carbolic  acid,  alkaloids,  etc. 

Bfittcer'i  Teit. — Bismuth  salts  are  likewise  reduced  to  the  metallic 
aisle  by  sugar  in  the  presence  of  alkali.  Add  to  the  urine  an  equal 
volume  of  liquor  potassn  and  then  a  little  subnitratc  of  bismuth.  On 
boiling  the  mixture  turns  gray  or  black  according  to  the  amount  of 
sugar  present.  Traces  of  S  cause  a  similar  reaction ;  hence  the  teat  i« 
not  applicable  in  albuminous  urine.  It  also  reacts  with  slycuronlo 
acid,  exoeas  of  indican  and  mucin,  but  not  with  alkapton.  The  sugar 
reaction  is  simulated  by  the  ingestion  of  rhubarb,  senna,  quinin.  salol. 
turpentine  and  antipyrin.  Nylandcr's  aolution  (2BiON03,  4KKaCf 
H4OQ  and  100  8  per  cent.  NaHO)  is  preferable  to  BOttger's.  One  part 
of  Nylandcr's  reagent  added  to  9  parts  by  volume  of  urine,  and  the 
mixture  boiled  for  a  time,  shows  gray-black  to  deep  black,  reacting  with 
as  little  as  0.05  per  cent. 
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Xulder-Neubauer  Test. — ^Render  urine  in  test-tube  strongly 
alkaline  with  Na2C03j  then  add  just  enough  indigo-^uirmin  solution 
to  give  a  distinctly  blue  color.  Heat  the  liquid  quietly  to  boiling.  In 
the  presence  of  sugar  the  color  turns  green,  then  wine-red,  Uien  yellow. 
Allow  to  cool.  On  shaking  well,  the  color  changes  back  through  wine- 
red  and  green  to  blue. 

Fermentation  Test. — Fill  the  saccharometer  (an  inverted  test- 
tube  will  answer)  with  the  urine  after  mixing  well  with  a  little  lump 
of  fresh  yeast  (and  acidifying  with  tartaric  acid).  Let  stand  in  a  warm 
place  (opt.  temp.  34®)  for  twenty -four  hours  and  notice  whether  any 
gas  (CO2)  has  collected  in  the  upper  part  of  the  instrument.  The  test 
is  very  certain  when  there  is  considerable  glucose  present,  but  unfor- 
tunately does  not  show  any  result  with  less  than  0.5  per  cent,  of 
sugar,  owing  to  the  fact  that  water  absorbs  its  own  volume  of  C02> 
Some  specimens  of  yeast  evolve  gas  spontaneously;  hence  it  is  well  to 
use  two  tubes,  one  as  a  control  experiment  with  water. 

To  utilize  the  fermentation  method  quantitatively  Roberts  directs 
to  fill  two  4-ounce  bottles  with  the  urine,  put  a  lump  of  yeast  in  one, 
cork  this  bottle  loosely  and  the  other  tightly,  and  keep  both  bottles  in 
a  warm  place  (80*'  to  90**  F.)  for  twenty-four  hours.  Then  filter  both 
urines  and  take  their  sp.  gr.  The  difference  in  density  represents 
chiefiy  the  CO2  given  on  from  fermentation  of  the  sugar,  and  each 
degree  of  loss  in  weight  is  equivalent  to  1  grain  of  glucose  to  the  ounce 
(0.23  per  cent). 

Seliwanoff'8  Test  for  Levnlosurla. — Warm  10  c.c.  of  urine  with 
2  c.c.  of  dilute  HCl  and  a  fragment  of  resorcin,  when  a  red  color 
develops,  if  positive. 

Williamson's  Test. — A  delicate  (0.05  per  cent.)  and  accurate  test 
for  glycosuria,  and  one  that  does  not  react  with  the  common  reducing 
agents  of  normal  urine,  is  the  microchemic  test  with  phenylhydrazin, 
forming  beautiful  needle-shaped  crystals  of  phenyl^lucosazone,  which 
are  bright  sulphur-yellow  in  color  and  are  arranged  singly  or  in  stellate 
groups  and  melt  at  204®  C. 

C6H12O6  +  2C6H5.N2H3  =  C18H22N4O4  +  2H2O  +  H2 

In  an  ordinary  test-tube  place  ^  inch  of  powdered  phenylhydrazin 
hydrochlorate,  then  solid  sodium  acetate  for  another  half-inch.  Half- 
fill  the  test-tube  with  urine  and  boil  for  two  minutes,  the  powders  pass- 
ing into  solution.  Let  cool  in  the  rack  and  examine  sediment  under 
rather  a  low  power. 

duantitatlYC  Estimation  of  Olucose. — The  best  method  for  med- 
ical purposes  is  that  of  Purdy.  His  solution  consists  of  4.752  gm.  of 
pure  CUSO4,  23.5  gm.  of  KHO,  350  c.c.  of  strong  NH4OH  (sp.  gr.,  0.9), 
38  c.c.  of  c.  p.  glycerin,  and  distilled  water  to  make  a  liter.  The  copper 
salt  and  glycerin  are  dissolved  separately  from  the  KHO,  then  mixed, 
and  after  cooling  the  ammonia  and  the  rest  of  the  water  added.  Thirty- 
five  c.c.  of  the  solution  are  reduced  on  boiling  by  exactly  0.02  gm.  of 
dextrose. 

Put  35  c.c.  of  the  test  solution  in  a  fiask,  dilute  with  about  twice 
as  much  distilled  water,  and  bring  to  the  full  boil.  Fill  buret  to  the 
zero-mark  with  the  urine  to  be  tested,  which  is  run  down  slowly  into 
the  boiling  reagent  drop  by  drop  until  the  blue  color  begins  to  fade; 
then  still  more  slowly,  3  to  5  seconds  between  successive  drops,  until 
the  test  solution  is  left  quite  colorless  and  transparent.  The  per- 
centage of  sugar  in  the  urine  is  readily  calculated  by  dividing  0.02  by 
the  number  of  c.c.  of  urine  required  to  effect  decolor ization.  The  test 
solution  is  stable  and  the  end-reaction  is  perfect. 

Polariscopic  Determination. — Before  using  the  polarimeter  the 
urine  should  be  freed  from  albumin  ( levorotatory  — 56.3**;  boil  and  add 
acetic  acid  drop  by  drop,  then  filter),  if  present,  and  should  be  prac- 
tically   decolorized    by    treating   with    neutral    lead   acetate    or   blood 
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ehirro&I  and  filtering  (see  "Poiari ration"  under  "Medical  Phyaics"). 
If  levutose  accompanies  the  dextrose,  titration  gives  liigher  readinga 
than  polarization. 

DUFerentlatlon  Teats. — Copper  reduction  testa  react  to  dextrose, 
levuloee,  lactose,  pentose,  uric  aoid,  creatinin,  pyrocatechin,  allantoin, 
ftlkaptJin  and  glycuronio  acid.  Bi  aolutions  are  reduced  by  dextrose, 
lerufose,  lactose,  pentose  and  glycuronic  acid.  The  fermentation  test 
reacts  only  to  dextrose  and  levulose.  Phenylhydrazin  yields  cryatala 
with  dextrose,  levulose,  lactose,  pentose,  glucoaamin  and  glycuronio 
acid.  Dextrorotatory  are  dextrose,  lactose,  pentose,  glucoaamin  and 
biliary  acids;  levoratatory  are  levulose,  3-oxybutyrie  acid  and  glycuro- 
nates;  other  carbohydrates  are  inactive.  Phenylglucosazone  crystals 
dissolved  in  pyridin  are  levorotatory;  maltosazone,  dextrorotatory. 

LACTOSUBIA. 

Sogar  of  milk  is  occasionally  present  in  the  urine  of  women 
near  the  end  of  gestation  and  in  nursing  women,  especially  when 
there  is  obstruction  to  the  flow  of  milk,  as  in  mastitip;  also 
after  weaning  and  on  an  abundant  milk  diet.  It  is  also  observed 
in  nursing  infants  with  digestive  derangements.  It  may  be 
accompanied  by  galactose. 

Detection. — If  the  urine  reduces  copper  solutions  feebly,  and 
rotates  polarized  light  strongly  to  the  right,  lactose  is  probably  present. 
The  phenylhydrazin  test  also  yields  clusters  of  yellow  needles  of  phenyl- 
lactosazone.  Lactose  may  ferment  after  one  hour  (glucose  under  one 
hour)   with  compressed  brewers'  yeast  in  a  warm  place. 

IBOSITinUA. 

Inosite,  CnH,206.2H20,  is  often  present  in  the  urine  in 
polyline  conditions,  sometimes  taking  the  place  of  glycosuria. 
It  has  also  been  noted  in  nephritis,  typhns,  phthisis,  syphilis,  and 
lesions  of  the  medulla. 

Detection. — Evaporate  with  concentrated  HNO3  nearly  to  dryness 
on  a  Ft  dish;  moisten  residue  with  a  few  drops  of  NH4OH  and  CaCl^ 
solution;  then  evaporate  again  to  dryness.  A  vivid  rose-red  color  ap- 
pears with  even  1  mg.  of  inoaite. 


I.«o's  cugar  is  occasionally  present  in  severe  diabetes  melli- 
tna.  Like  levulose,  it  is  levorotatory.  has  a  reducing  action  and 
combines  with  phenylhydrazin,  hut  it  does  not  ferment  and  has 
no  Eweet  taste.  Animal  gum  ( achrooglycogen  or  urinary  dex- 
trin) is  unfennentahle.  Normal  urine  contains  a  trace  of  iso- 
maltose. 

FZKTOSUBIA. 

Pentoses  reduce  Cu  solutions  and  form  oeazonee,  but  do  not 
ferment  with  yeast.  Arabinose,  rhamnose,  and  xylose  are  the 
most  important.  They  sometimes  appear  in  tlie  urine  after 
drinking  beer  or  wine,  eating  pears,  grapes,  prunes,  cherries,  and 
other  fruits  containing  pentosanes,  and  are  likewise  found  in  the 
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"Chronic  Morphm  PoiBoning") 


urine  of  morphin  habitues  (8€ 
and  in  pancreatic  disease. 

Test  for  Fentoie  and  Olyavronates  (Anatln). — I'kce  a  pinch  of 
phloroglucin  in  a  test-tube,  and  add  1  c.c.  HCt  and  beat  till  dissolved. 
Now  add  10  to  15  drops  of  suapected  urine,  heat  again  to  boiling,  then 
let  cool.  IE  pentose  or  glycuronatea  be  preaent,  the  mixture  becomes 
red.  In  the  orcin  teat  if  the  urine  ^vea  the  reaction  at  once,  pentose 
IB  present — if  only  after  splitting,  a  glycuronate. 

ACXTONTTBU. 

This  condition  signifies,  in  general,  body-fat  decomposition, 
aa  in  advanced  diabetes  mellitns,  infectious  fevers,  advanced 
tuberculosis,  inanition,  carcinoma,  eclampsia  of  pregnancy  and 
estra-nterine  pregnancy,  death  of  fetus  in  utero,  excess  of  fat 
{especially  lower  fatty  acids)  in  diet,  cyclic  vomiting,  certain 
psychoses,  strangulated  hernia  and  eclamptic  seizures  in  infants. 
Other  causes  are  chronic  morphinism,  P  poisoning,  leukemia, 
fatty  liver,  shock  and  injuries  of  the  cerebrospinal  system, 
uremia,  and  following  general  anesthesia.  Disturbances  of  diges- 
tion (autointoxication)  and  intestinal  diseases  may  also  give 
rise  to  acetonuria.  The  normal  urine  of  twenty-four  hours  con- 
tains I  to  3  cgm.  of  acetone,  and  twice  as  much  leaves  the  body 
in  the  expired  air.  Carbohydrates  (von  Noorden)  tend  to  lessen 
the  amount  of  acetone,  since  they  contain  much  0. 

Leffal'a  Teat. — Treat  %  test-tube  of  urine  with  a  few  drops  of  fresh 
concentrated  solution  of  sodium  nitropmssid,  add  a  few  drops  of  acetic 
acid  (to  prevent  reaction  with  creatinin),  and  render  mixture  alkaline 
with  NH4OH.  An  affirmative  reaction  is  shown  by  tlie  gradual  develop- 
ment of  a  red  color,  deepening  to  purple-red, 

Lleben's  Teat.— Distill  500  c,c.  of  the  urine  after  adding  0.5  c.c. 
of  HgPOi  (to  prevent  evolution  of  gaaea),  and  use  the  first  10  c.c.  of 
distillate.  To  this  add  a  few  drops  of  a,  dilute  solution  of  iodopotassic 
iodid  and  NaHO.  In  the  presence  of  even  a  trace  of  acetone  crystals 
of  iodoform  are  pptd.  and  arc  easily  recognized  by  the  odor.  If  diacetic 
acid  is  present,  remove  it  first  before  testing  tor  acetone;  Render  urine 
faintly  alkaline,  then  shake  with  ether  (free  from  alcohol  and  acetone) 
in  a  separat^ry  funnel;  shake  ethereal  solution  with  water  (takes  up 
acetone),  then  test  this  aqueous  solution  for  acetone. 

Frommer'B  Test. — Add  to  urine  2  c.c.  of  40  per  cent.  NaHO,  then 
a  few  drops  of  10  per  cent,  alcoholic  solution  of  salicytous  acid.  Warm 
gently.     A  deep  purple  color  reaulta  if  positive. 

WAmBnnan't  T^itt . — ArIrT  in  thi^  urine   m^^piiii 


HcOlannan'i  Test. — Add  to  the 

tion  of  freshly  pptd.  HgO  in  2  per  cent.  H; 

A  positive  reactJon  is    '  "       "  ..  -_  > 


5  per  cent,  solu- 
.,  filter  and  boil  filtrate. 
less  marked  white  ppt. 


DIACEIimlA. 

Diacetic  acid,  CeHioOg,  is  a  colorless  liquid,  turned  red  by 
ferric  solutions.  It  is  always  of  abnormal  significance,  particu- 
larly in  diabetes  mellitus,  where  its  presence  forewarns  of  c 
This  compound  is  also  observed  at  times  in  fevers,  especially  in 
children ;  appendicitis,  pneumonia,  pleurisy,  pericarditis,  scurvy, 
carcinoma,  and  diseases  of  the  brain.    Diaceturia  also  occurs  as 


an  idiopathic  and  very  fatal  autointoxication,  manifested  clin- 
ically by  vomiting,  dyspnea,  jactitation,  and  coma.  As  much  as 
22C  gm.  have  been  eliminated  in  the  urine  per  diem.  In  decom- 
posing urine  diacetic  acid  takes  up  a  molecule  of  water  and 
epiita  into  acetone,  alcohol,  and  CO2. 

Ton  Jaksoh's  Teit. — Add  U>  the  urine  bIowIj  a  rather  concen- 
trnted  eoJution  of  t'prl^j,  HIter  off  tlie  phosphatic  ppt.  nnd  ndd  more 
of  the  iroD  solution.  If  n  claret-red  color  appettra,  boil  a  fresh  portion 
of  the  urine  and  treat  another  portion  with  a  little  H^SO^  and  extract 
wiUi  ether.  If  the  iron  Botution  gives  no  reaction  with  the  boiied 
urine,  but  gives  a  claret-red  hue  with  the  ethereal  extract,  diacetic  ncld 
is  probsblj  present,  eapeciallj  if  the  urine  ia  rich  in  acetone.  The 
object  in  boiling  and  treating  with  ether  is  to  exclude  antip;rrin  4  red), 
quinin,  thallin,  ocetanilid  (brownish  red),  sulphocyanat^s  and  salicjlic, 
carbolic,  acetic,  formic  and  beta-oxjbutjric  acida.  The  diacetic  reaction 
is  preaent  (Cabot)  whenever  carbohydrate  food  is  not  adequately 
utilized,  because  it  is  not  ingested  or  retained  (starvation,  prolonged 
vomiting,  rectal  alimentation),  not  absorbed  (diarrhea,  tuberculoids 
peritonitis)  or  not  metabolized  (diabetes).  It  has  also  been  found 
strongly  marked  on  a  salt-free  diet. 

OXTBITTTHIA. 

Beta-oxybutyric  acid,  C4HBO3,  is  an  odorless  syrup  readily 
mireible  with  water,  alcohol,  and  ether.  It  is  an  optically  active 
substance,  and,  if  urine  is  levorotatory  (*  D  =  —  24,2°)  after 
fermentation  with  yeast,  it  ia  very  probable  that  this  compound 
J8  present.  The  difference  between  the  flndinp  with  the  po- 
larimeter  and  with  the  copper  reduction  tests  represents  the 
amount  of  CiHgOs,  or  of  le^■uIope,  Oiybutyric  acid  can  be 
approximately  calculated  as  three  times  the  quantity  of  NH3  in 
fresh  urine. 

Oxybutyria  is  noted  (up  to  180  gm.  daily)  in  severe  cases 
of  diabetes  mellitus,  often  presaging  coma;  also  occasionally  in 
infectious  fevers,  scurvy,  and  carcinoma.  It  is  also  present  (von 
Noorden)  in  prolonged  fasting.  By  oxidation  on  Etanding, 
jS-oxybutyrie  acid  is  changed  into  diacetic  acid,  which  in  turn 
decomposes  into  acetone  and  C02- 

Teit  for  Oxybntyrio  Acid  (Austin).— Evaporate  1(H)  c.c.  of  urine 
to  a  syrup,  add  an  equal  volume  of  HoSOt,  and  distill  without  the 
cooler.  Place  distillate  in  a  retort  with  aide-tube,  and  distill  into  a 
test-tube  packed  in  ice  and  salt.  If  this  acid  be  pre<4ent.  the  sides  of 
the  tube  will  be  covered  with  cryatale  of  crotonic  acid  (from  brenking 
up  of  oxybutyric  acid). 

Eitlmatlott  of  Oxybntyrio  Aold  (DarmitaedeT) . — Render  100  c.c. 
of  urine  faintly  alkaline  with  Ns^COg,  and  evaporate  almoet  to  dryness 
on  water-batJi.  Wash  residue  into  a  titer  flask  with  150  to  200  c.c. 
of  52  per  cent.  EjSOf,  and  distill,  keeping  volume  constant  by  adding 
water  occasionally.  When  distillate  measures  325  c.c,  extrai^  several 
times  with  ether,  which  is  distilled  off,  and  the  residue  heated  a  few 
minutes  at  160°,  dissolved  in  water  and  titrated  with  n/m  KnHO  and 
phenol phtholein.  100  o.c.  of  the  soda  solution  represents  0,S6  gm. 
crotonic  acid  (formed  by  dehydration)  ;  multiply  by  1. 2 1  to  get 
^-oxybutyric  add. 
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ALKAPTOmmiA. 

The  dark-brown  color  of  urine  ("alkapton")  darkening  (to 
hydroquinone)  in  air  is  observed  after  ingestion  of  phenol,  sali- 
cylic acid,  and  other  members  of  the  benzene  series.  It  is  also 
noted  as  an  inherited  defect  of  nutrition,  harmless,  and  life- 
long. The  latest  view  is  that  homogentisic  acid,  CsH804  (occa- 
sionally mixed  with  uroleucic  acid)  is  formed  in  the  small  intes- 
tine as  a  cleavage  product  of  tyrosin. 

Identification  of  Alkapton. — ^The  urine  darkens  more  quickly  on 
adding  FeCls  or  NaHO,  and  shaking.  It  emits  an  aromatic  odor  and 
reduces  Cu  solutions  (black  ppt.)  but  not  Bi  solutions,  is  optically 
inactive  and  does  not  ferment  with  yeast. 

GLYCTTBONIC  ACH). 

This  compound  (CqHioOj)  is  probably  (Lenhartz)  an 
intermediate  product  of  metabolism,  after  either  meat  or  carbo- 
hydrate diet ;  it  may  be  derived  from  stored  glycogen.  It  occurs 
in  the  urine  only  in  combination  (glycuronates)  with  various 
drugs:  chloral,  camphor,  naphthalene,  turpentine,  chloroform, 
morphin,  curare,  arsenic,  copaiba,  acetanilid,  salol,  salicylic  acid, 
sulphonal,  urotropin,  saccharin,  antipyrin,  acetphenetidin,  thy- 
mol, menthol,  eucalyptus,  glycerin,  and  nitrobenzol.  It  is  closely 
related  to  dextrose,  may  precede  the  latter  in  the  urine,  and  is 
often  mistaken  for  it. 

Identification  of  Olyouronates.— Glycuronates  are  to  be  suspected 
when  there  is  excessive  indicanuria.  Urine  containing  glycuronates  is 
levorotatory,  becoming  dextrorotatory  (glycuronic  acid  set  free)  on 
boiling  with  H2SO4.  Glycuronates  give  a  ciystalline  compound  (much 
lower  m.p. — 114** — than  that  of  dextrose).  This  compound  reduces  Cu 
or  Bi  solutions  after  prolonged  boiling,  but  does  not  ferment  with 
yeast.  It  gives  the  orcin  reaction  after  boiling  with  1  per  cent. 
H2SO4. 

XELANXmiA. 

In  this  condition  the  urine  becomes  dark  or  even  black  on 
standing  or  on  heating  with  nitric  acid  or  ferric  chlorid,  from 
oxidation  of  the  chromogen  melanogen.  It  is  specially  signifi- 
cant of  melanotic  sarcoma  in  any  part  of  the  body,  but  the  pig- 
ment may  not  begin  to  appear  in  the  urine  till  the  growth  is  far 
advanced.  Melanin  is  also  sometimes  found  in  the  urine  in 
cancer  of  the  stomach,  marasmus,  inflammations,  and  severe 
chronic  malaria  (microscopic  pigment-particles). 

Zeller's  Test. — Br  water  causes  a  yellow  ppt.  that  gradually 
blackens. 

CHOLTJBIA. 

Unchanged  bile-pigments  in  the  urine  cause  it  to  have  a 
dark  greenish-yellow  color,  with  a  yellow  foam  on  shaking.  A 
piece  of  filter-paper  dipped  in  the  urine  remains  yellow  after 
drying.    They  are  present  in  all  diseases  accompanied  by  jaun- 
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dice  (often  before  the  appearance  of  the  yellow  hue  in  the  akin), 
whether  from  obstruction  of  the  bile-ducts  {eometitnea  by  pan- 
creatic disea&e),  disease  of  the  liver  (hepatogenous),  or  decom- 
poEiCion  of  the  blood  (hematogenous),  as  in  pernicious  anemia, 
malaria,  or  typhoid  fever,  or  after  internal  hemorrhages.  Poi- 
soning by  ether,  chloroform,  P  or  arsin  is  manjfeetcd  by  choluria. 

BasmQHen't  Test. — Shake  well  together  1  c.c.  each  of  urine  and 
ordinary  ether  with  6  id.  of  tincture  of  iodin.  On  standing  the  ether 
and  1  separate  as  an  upper  layer,  while  the  stratum  of  urine  below  is 
colored  a  brilliant  green  if  billverdin  U  present. 

Gmelln's  Teit, — Plnce  a  drop  of  urine  on  a  while  poreelain  plate, 
and  allow  a  drop  of  nitrous  or  fuming  nitric  acid  to  touch  and  mingla 
with  the  other  drop.  In  the  presence  of  bile  a.  plaj  of  colors  will  soon 
appear  in  the  order  of  green,  blue,  violet,  red,  and  yellowish.  ThB 
green  color  is  indispensable  to  prove  the  presence  of  bile-pigment. 

Bay'i  Te»t. — Sublimed  S  placed  carefully  on  the  surface  of  cold 
urine  containing  bile  pigment  settles  quickly — slowly  or  not  at  all  in 
normal  urine.  The  difference  is  due  to  some  alteration  of  surface 
tension.  Alcohol,  chloroform,  phenol,  etc.,  in  the  urine  simulate  bile- 
pigment  in  this  test. 

Baudonin't  Te»t.~Add  to  the  urine  in  a  test-tube  2  or  3  drops  of 
a  O.S  per  cent,  solution  of  fuchsia  (viotet-red),  getting,  it  positive,  a 
fine  orange  tint. 

HammarstGn'i  Test. — The  reagent  consists  of  1  vol.  HNO3  and 
19  vols,  HCI,  mixed  and  let  stand  till  yellow;  when  used,  one  volume  of 
the  combined  acid  is  added  to  4  vols,  alcohol.  In  making  the  test 
sulphates  are  first  centrifugnted  out  with  BaClj,  and  the  decanted 
urine  is  shaken  with  3  c.c.  of  the  above  reagent,  and  again  centrifu- 
gated.  According  to  the  amount  of  bile- pigment,  the  liquid  ia  colored 
from  greenisb-blne  to  intense  green. 

Hnppert'i  Test  for  BlUnibin.^ — To  a  few  c.c.  of  the  urine  add 
BaCtj  and  NB^HO;  wash  ppt.  with  water  and  suspend  in  a  little 
alcohol  acidulated  with  HSSO4.  Boil  the  mixture  for  a  few  minutes, 
when,  if  positive,  a  bright  emerald  color  develops. 

Stercobilinuria  has  been  observed  in  hepatic  cirrhosis, 
chronic  malaria,  scurvy,  pernicious  anemia,  hemophilia,  and 
after  internal  hemorrhages;  aJso  in  febrile  and  infectious  dis- 
eases, particularly  pneumonia. 


CTSTimntu. 

Cystein,  NHaCH.-iSIICCOOIT.  is  a  product  of  proteid  me- 
tabolism, never  normally  found  directly  in  the  urine  or  in  the 
body.  It  is  converted  by  atmospheric  0  into  cystin,  2CH8- 
CSNHnCOOH:  a  rare  urinary  sediment. 

Cvstinuria  is  a  family  disease,  aeon  usuaily  in  children  and 
young  male  adults.  It  has  been  noted  in  connection  with  hepatic 
disorders,  renal  degeneration,  chlorosis,  struma,  intestinal  putre- 
faction, and  acute  articular  rheumatism.  It  is  always  accom- 
panied by  diaminuria  originating  in  putrefactive  processta  due 
to  specific  bacteria  in  the  inte«tinea,  and  appears  to  depend  on 
a  specific  abnormality  of  metabolism. 
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CEYLVBIA. 

Chyle  in  the  urine  is  a  tropic  condition,  for  the  most  part, 
and  due  to  the  nightly  migrations  of  the  filaria  sanguinis 
hominis.  The  urine  in  filariasis  contains  also  albumin  (coag- 
ulates spontaneously)  and  often  blood,  which  gives  a  pink  color; 
the  parasite  may  be  found  in  the  night  urine.  Rarely  chyluria 
is  brought  about  by  great  abdominal  compression  or  by  trauma 
or  disease  setting  up  fistulas  between  the  lymph-canals  and  the 
urinary  channels.  The  milky  appearance  (of  the  night  urine  in 
filariasis)  is  partly  cleared  by  shaking  with  ether  and  NaHO. 
Lecithin  and  cholesterin  commonly  accompany  the  fat. 

LIPUBIA. 

■ 

Fat-drops,  sometimes  forming  an  oily  upper  coating  on  the 
urine,  are  occasionally  encountered  in  chronic  parenchymatous 
nephritis,  phosphorus  poisoning,  fatty  degeneration  of  the  kid- 
neys, diabetes  mellitus,  calculous  pancreatic  disease,  acute  yel- 
low atrophy,  pregnancy  (normally),  after  fractures  of  the  long 
bones,  opening  of  an  abscess  into  the  urinary  tract  and  follow- 
ing the  administration  of  large  amounts  of  fixed  oils  (rarely 
form  pseudocalculi) ;  also  rarely  in  heart  disease,  hydronephro- 
sis, gangrene,  and  pyemia  of  joints.  The  fat  is  readily  detected 
by  the  microscope  and  by  its  solubility  in  ether.  The  fat  in 
chyluria  is  better  emulsified,  appearing  as  mere  specks. 

UPACIDVBIA. 

Formic,  acetic,  butyric,  and  propionic  acids  are  normally 
present  in  urine  only  in  traces  (8  mg.  per  diem).  They  may  be 
increased  ten  to  twenty  times  in  febrile  and  hepatic  diseases, 
from  intestinal  fermentation.  Large  quantities  are  formed  from 
urinary  carbohydrates  during  ammoniacal  fermentation. 

Lactic  acid  is  occasionally  present  in  the  urine  in  cases  of 
deficient  oxidation,  as  in  hepatic  cirrhosis,  acute  yellow  atrophy, 
diabetes,  leukemia,  osteomalacia,  rachitis,  phosphorus  or  CO  poi- 
soning, and  trichiniasis-  It  occurs  in  the  urine  as  sarcolactic 
acid,  which  is  weakly  dextrorotatory;  its  salts  are  levorotatory. 
Small  amounts  of  lactic  acid  have  been  found  in  the  urine  after 
severe  epileptic  attacks  and  in  soldiers  after  marches.  Succinic 
acid  has  been  found  in  the  urine  after  the  ingestion  of  asparagus. 

HEMATXTBIA. 

One  part  of  blood  in  1500  makes  the  urine  smoky;  1  to 
500,  bright-red  (chocolate-brown  if  much  acted  on  by  the  urine). 
Blood  in  the  urine  is  best  determined  by  the  use  of  the  micro- 
scope. A  good  chemic  test  for  blood-coloring  matter  is  to  add 
to  a  few  c.c.  of  tincture  of  guaiac  in  a  test-tube  a  few  drops  of 
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ozonized  ether,  then  underlay  the  mixture  with  urine.  If  hemo- 
globin Ie  present  a  blue  ring  will  soon  appear  at  the  line  of 
junction  of  the  two  fluids.  This  ring  does  not  disappear  on 
boiling,  BS  does  a  Eimilar  zone  due  to  pus.  In  the  guaiac  test 
for  blood  the  urine  should  be  distinctly  acid  (acetic).  Yea.'^t  or 
milk  may  simulate. 

Spectroscopic  Teit  (Witth&ns). — Add  exccu  of  10  per  rent.  NbHO 
eolution  to  200  c.c.  of  urine;  oollect  ppt..  dissolve  it  in  alcohol  acidu- 
late<!  with  HCl,  and  examine  solution  with  spectroscope  tor  spectrunt 
of  hematoporptiTrin  (see  plate  of  absorption  spectra).  If  result  ia 
negative,  ppt.  alcoholic  solution  wltji  NH4BO,  dissolve  ppt.  in  dilute 
acetic  acid,  agitate  this  solution  with  cbloroform,  and  examine  solu- 
tion n-ith  spectroscope. 

When  the  blood  is  from  the  kidney  the  urine  appears 
smoky;  the  blood  is  usually  slight  in  quantity,  acid,  and  well 
mixed,  and  blood-casts  are  to  be  found.  From  the  renal  pelvis 
the  blood  is  generally  profuse  and  well  mi.\ed  with  the  urine; 
this  hemorrhage  is  generally  unilateral,  as  shown  by  cystoscopy, 
segregation,  or  ureteral  catheterization,  and  tailed  coUimnar 
epithelia  prevail.  Hemorrhage  from  a  ureter  is  miinifested  by 
long  clots.  like  earthworms  in  size  and  shape.  There  is  ren^ 
colic  in  the  passing,  just  as  in  some  casea  of  tubal  or  pelvic 
hemorrhage,  and  hematuria  may  alternate  with  normal  urine 
when  the  passage  is  stopped.  Blood  from  the  bladder  appears 
in  large,  irregular,  bright-red  clots  {sometimes  dark-brown  if 
urine  is  quite  alkaline)  at  the  end  of  micturition.  If  the  bladder 
is  washed  out  with  bora.\  solution  until  what  comes  away  is  clear, 
and  the  solution  is  again  injected  at  once,  it  will  come  away 
bloody.  Cystoscopy  gives  definite  information  ae  to  the  cause 
of  the  bleeding.  Blood  from  the  prostate  appears  toward  or  at 
the  end  of  micturition,  which  Is  usually  dilficult.  Bright  blood 
from  the  anterior  urethra  ia  passed  at  the  beginning  of  micturi- 
tion and  during  the  intervals  or  can  bt  stripped  out.  From  the 
posterior  urethra  it  is  usually  slight  in  quantity  and  comes  at 
the  beginning  or  end  of  micturition  or  both,  sometimes  clotting. 
Pink  semen  indicates  a  hemorrhage  from  the  seminal  vesicles. 
Blood  from  the  \ndva,  vagina,  or  uterus  is  readily  distinguished 
by  the  fact  of  menstruation,  by  inspection,  hy  washing,  and  if 
necessary  by  catheterization. 

The  following  are  the  more  common  causes  of  hematuria: 
Trauma,  acute  nephritis,  acut«  exacerbations  of  chronic  nephri-  " 
tia  (sudden  appearance  of  normal  blood),  localized  area  of  fibro- 
sis in  one  kidney  (hemorrhage  may  he  prnfuse),  active  conges- 
tion (sometimes  from  intestinal  toxemia),  filaria'^is,  embolism, 
thrombosis,  renal  abscess  (following  evacuation),  urinary  tuber- 
culosis, sj'philis,  malignant  growths  (profuse  and  apparently 
causeless),  polycystic  kidney  (bilateral  tumor),  calculi  (hemor- 
rhage usually  follows  exertion ;  pain  on  micturition  or  renal 
colic;  usually  pus),  renal  cysts,  floating  kidney,  blood  diseaaefl. 
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irritant  drags  (turpentine,  cantharis,  urotropin),  neuropathic 
angioneurosis,  acute  infections,  vicarious  menstruation,  preg- 
nancy, lactation,  strong  mental  emotions,  uric  acid  or  calcium 
oxalate  infarcts,  severe  inflammations  or  ulceration,  benign,  vesic 
growths  (papilloma,  myoma,  fibroma,  myxoma — ^bleeding  pro- 
fuse), varicose  veins  at  neck  of  bladder,  sudden  emptying  of 
dilated  bladder  or  renal  pelvis,  and  the  distoma  hematobium. 

HEXOOLOBIHinElIA. 

The  presence  of  blood-coloring  matter  without  the  corpus- 
cles shows  extensive  destruction  of  red  blood-corpuscles,  as  in 
acute  infections,  purpura,  scurvy,  syphilis,  severe  burns,  trans- 
fusion of  blood,  absorption  of  hemorrhage  eflfusions,  WinckeFs 
disease,  and  poisoning  by  chloral,  KCIO3,  quinin,  I,  coal-tar 
derivatives,  glycerin,  mushrooms;  carbolic,  hydrochloric,  sul- 
phuric, and  pyrogallic  acids ;  phosphorus,  and  H3P,  H3AS,  H2S, 
and  CO.  Hemoglobinuria*  is  also  seen  in  hepatic  insuflBciency, 
simple  icterus  neonatorum,  and  following  exposure  to  cold  or 
violent  physic  exertion.  So-called  idiopathic  hemoglobinuria  is 
met  with  at  times  in  estivoautumnal  malaria,  Raynaud's  disease, 
and  following  cold  and  exertion,  and  is  accompanied  by  chills, 
fever,  lumbar  pains,  vomiting,  and  diarrhea.  The  urine  is 
scanty,  porter-colored,  and  slightly  albuminous,  and  shows  a 
sediment  of  brown  granules,  pale  droplets,  and  brown  granular 
casts.  The  paroxysms  occur  at  intervtds  of  weeks  or  months  and 
last  a  few  hours. 

Typic  hematoporphyrinuria  is  observed  in  poisoning  from, 
or  after  the  prolonged  administration  of  trional,  tetronal,  or 
sulphonal,  and  sometimes  in  plumbism.  The  urine  is  dark-red 
in  color,  becoming  almost  black  on  standing.  It  turns  yellow 
on  adding  ammonia,  and  is  bleached  by  HNO3.  Hematoporphy- 
rin  is  tested  for  spectroscopically  (after  treating  urine  with  % 
its  volume  of  10  per  cent.  NaHO,  and  dissolving  ppt.  in  alcohol 
containing  HCl). 

PYURIA. 

Purulent  urine  is  cloudy  and  deposits  a  creamy  (ropy  if 
alkaline)  layer.  Pus  from  the  kidney  tubules  is  usually  small  in 
amount  (unless  from  abscess)  and  is  attended  by  casts  and  acid 
urine.  A  larger  amount  is  met  with  when  the  renal  pelvis  is 
involved;  the  urine  is  usually  acid  and  the  pus  settles  quickly; 
micturition  may  be  frequent,  but  not  painful.  In  vesic  pyuria 
the  amount  of  pus  is  usually  considerable;  the  urine  quickly 
loses  its  acidity  or  is  already  letid,  ammoniacal,  and  viscid ;  and 
the  pus  settles  slowly  and  partially;  micturition  is  usually  both 
frequent  and  painful.  The  sudden  appearance  of  a  large  quan- 
tity of  pus  is  indicative  of  an  abscess  rupturing  into  the  urinary 
channels.    In  gonorrhea  one  can  tell  whether  the  inflammation 
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has  extended  to  the  posterior  urethra  by  having  the  patient  pass 
water  into  two  glass  veasela.  If  the  first  portion  only  of  the 
urine  contains  pus-threads  [tripper  fadcn),  infection  is  restricted 
to  the  portion  of  the  canal  in  front  of  the  "cut-off"  muscle,  and 
vice  versa.  Epididymilis  with  suppuration  is  manifested  by 
yellowish  or  greenish-yeliow  semen. 

Pus  from  the  kidney  may  be  duo  to  tuberculofis,  bacterial 
invasion,  trauma,  new  grrjwth,  calculus,  pyemic  abscess  (sudden 
large  quantities  of  greenish  pus),  or  eitension  of  gonorrhea; 
prostatic  obstruction  predisposes  to  upward  extension  of  any 
infection.  Pus  from  the  ureter  usually  menns  the  passage  of  a 
calculus  or  the  resulting  inflammation.  I'us  from  the  bladder 
may  be  due  to  prostatic  obstruction,  t;onorrheal  stricture,  tuber- 
cle, calculus,  trauma,  or  new  growth.  Pub  from  the  prostate 
depends  upon  prostatic  hypertrophy,  gonorrhea,  tubercle,  trauma, 
stone,  or  tumor.  Pus  from  the  urethra  may  be  due  to  simple  or 
gonorrheal  urethritis,  trauma,  tubeicte,  chancroid,  syphilitic 
ulceration,  or  malignant  disease.  Pus  milked  from  the  seminal 
vesicles  is  \isually  of  gonorrheal  orisin,  but  may  depend  on  sex- 
ual excesses,  tubercle,  or  new  growth.  I'us  frum  the  uteriis  or 
vagina  is  usually  accompanied  by  much  s(|uamouB  epithelium, 
and  is  excluded  by  catheterization  or  a  thorough  vajzinal  douche. 
Pus  in  the  urine  of  infants  is  most  often  from  the  renai  pelvis, 
and,  if  continued,  commonly  denotes  calculous  or  tuberculous 
disease.  Donne's  reaction  is  the  gelatin  ization  that  takes  place 
on  adding  some  solid  KHO  to  a  sediment  of  pus. 


Griffiths  has  isolated  special  alkiiloi^ls  from  the  urine  in 
the  following  diseases:  Parutitis,  scarlatina,  diphtheria,  mea- 
sles, pertussis,  glanders,  pneimionin,  epilepsy,  erysipelas,  puer- 
peral fever,  eczema,  infiuenza,  carcinoma  of  the  uterus,  pleuritis, 
and  angina  poctoris,  A!bu  has  also  found  toiina  in  the  urine 
of  patients  with  hectic  phthisis,  exophthalmic  goiter,  tetanus, 
pernicious  anemia,  diabetic  coma,  and  urticaria  due  to  auto- 
intoxication. 

mCSOCHEMISTEY  OF  THE  ITRIKE. 

The  presence  of  an  unorganized  sediment  in  urine  signifies, 
as  a  nile,  merely  a  change  in  temperature  or  cbemic  reaction, 
owing  to  which  the  »)lvent  power  of  the  fluid  for  the  substance 
pptd.  is  diminished  or  nullified.  The  presence  of  such  a  sedi- 
ment bears  no  relation  whatever  to  the  amount  of  ingredients 
in  tJie  urine.  With  the  exception  of  the  slight  cloud  of  mucus 
seen  normally  iu  cooled  urine,  organi7.ed  urinary  deposits  are 
always  pathologic.  On  the  whole,  however,  cloudy  urine  is  a 
lees  serious  indication  than  is  a  very  clear  renal  (jxcretiou,  such 
as  we  see  in  diabetes  mellitus  and  chronic  Bright's  disease. 
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For  the  accurate  study  of  urinary  sediments  the  micro- 
scope is  absolutely  essential.  A  centrifugal  machine  for  the 
rapid  settling  of  casts  and  other  suspended  matters  must  be 
considered  a  necessary  adjunct  to  the  microscope.  With  the 
aid  of  the  centrifuge  one  gains  not  only  more  delicate^  but  more 
correct,  results,  since  the  urine  can  thus  be  examined  in  a  per- 
fectly fresh  condition  before  any  chemic  decomposition  takes 
place  with  precipitation  of  uric  acid,  calcium  oxalate,  earthy  or 
triple  phosphates,  and  other  secondary  sediments  resulting  from 
acid  or  alkaline  fermentation. 
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Fig.  80.— Sodium  Urate  Crystals. 

A  "shoulder-slide'^  easily  holds  2  or  3  drops  of  the  sediment 
for  microscopic  examination.  Formed  elements  and  crystals  can 
be  stained  or  tested  as  to  solubility  by  placing  a  drop  of  the 
staining  fluid  or  solvent  on  the  slide  next  the  cover-glass,  and 
then  drawing  the  liquid  under  the  glass  by  holding  a  strip  of 
filter-paper  at  the  other  side.  To  preserve  organized  urinary 
sediments  (Brooks),  decant  urine  and  cover  sediment  with 
potassium  acetate  solution  (sp.  sv,  1.050  to  1.060)  containing  0.5 
per  cent,  of  deliquesced  crystals  of  phenol.  Let  settle  again, 
decant,  and  treat  as  before. 

CBYSTALS. 

The  only  colored  urinary  crystals  are  uric  acid,  ammonium 
urate,  and  rarely  cystin  and  acid  urates,  hematoidin,  leucin, 
and  tyrosin.     All  these  crystals  owe  their  color  to  urochrom. 
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Rnd  are  darker  or  lig]iter,  according  to  the  amount  of  thie  pig- 
ment. 

Uric  neid  is  pptd.  from  ite  normal  occurrence  as  urates 
by  an  increase  of  acidity  (excess  of  NaH2P04),  particularly 
when  the  urine  is  of  low  ep.  gr.  and  deficient  in  pigment.  To 
the  naked  eye  uric  acid  appears  as  a  crystalline  sediment  resem- 
bling ^ains  of  red  sand  or  Cayenne  pepper.  Under  the  micro- 
flcope  it  appears  as  large  and  beautiful  crystals  of  various  forms, 
the  lozenge  shape  predominating,  frequently  arranged  in  a  super- 
imposed manner  into  rosettes  and  other  composite  combinations. 

^H         Uric   acid   crystals   are   readily   distinguished   from   any   other 
^H  (except  urates,  bilirubin,  and  cystin)  by  their  lemon-yeltow  or 

^H         red-brown  color.    They  are  soluble  in  NaHO;   repptd.  by  HCl. 
^V         The  rough  and  pointed  forms  are  suggestive  of  calcoH. 

Uric  acid  deposits  are  frequently  due  to  excess  of  meat 
in  sedentary  livers  and  in  the  excessive  catabolisiu  ("uric  acid 
diathesis")  of  deficient  oxidation.  They  are  also  observed  in 
fevers,  after  gouty  paroxysms,  in  the  early  stage  of  chronic 

P  interstitial  nephritis,  and  during  recovery  from  acute  exauthems 

or  acute  nephritis. 
Acid  urates  are  usually  amorphous,  but  rarely  appear  as 
fan-shaped  and  stellate  acicular  crystals  of  a  reddish-brown  or 
yellowish  tint.    Uric  acid  and  urates  are  readily  soluble  in  alka- 
line hvd  rates. 


Fig.  81.— Cyilln  Crfitali, 
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Ammonium  urate  appears  in  the  urine  after  it  has  under- 
gone alkaline  fermentation  (urine  may  be  amphoteric)^  and  is 
sometimes  seen  in  the  scanty  febrile  urine  of  children.  It  usu- 
ally takes  the  form  of  little  brown  balls  with  spicules — ^the  so- 
called  'thorn-apple/'  *Tiedgehog**  crystals;  sometimes  a  ''sheaf 
of  wheat''  clump  of  fine  needles  with  a  central  spherule,  or  a 
pair  of  dumb-bells.  Treated  with  HCl,  it  yields  uric  acid 
crystals. 

Cystin,  ^C3HeNS02)2>  is  rarely  met  with  as  a  lemon-col- 
ored deposit  m  faintly  acid  urine.    It  contains  26  per  cent,  of 


Fig.  82.— Calcium  Oxalate  Cnrstals. 

S,  and  on  standing  for  some  time  is  apt  to  turn  of  a  greenish 
hue  and  develop  the  odor  of  H2S.  The  microscope  reveals  over- 
lapping, highly  refractive  "mother-of-pearl"  hexagonal  crystals 
(or  quadrilateral  prisms),  which  are  distinguished  from  those 
of  uric  acid  having  a  similar  appearance  by  treating  the  specimen 
on  the  slide  with  a  drop  of  NII4OH.  The  ammonia  is  allowed 
to  evaporate,  with  the  result  that  the  cystin  crystals  remain  un- 
changed, while  uric  acid  crystals  are  changed  to  ammonium 
urate  spherules.  Cystin  is  soluble  in  HCl;  uric  acid  is  not. 
Cystinuria  is  related  to  diaminuria,  and  has  been  noted  in  con- 
nection with  liver  disease  and  acute  articular  rheumatism. 

Leucin  and  tyrosin  are  nearly  always  associated  in  the 
urine,  being  observed  chiefly  in  acute  yellow  atrophy  and  phos- 
phorus poisoning.    They  may  also  accompany  typhus,  smallpox. 
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*  typhoid,  yellow  fever,  pyemia,  gangrene,  or  alcoholic  cirrhosis. 
The  former  appears  in  the  shape  of  somewhat  striated  yellowish 
spheres  resemhiing  oil-drops,  from  which  they  are  differentiated 
by  their  insolubility  in  ether.  Tyrosin  is  observed  in  the  form 
of  tufts  or  Rheaves  of  very  fine  needles,  snow-white  when  viewed 
en  masse.  Tyrosin  is  rarely  simulated  by  soaps  of  lime  and 
niBgnesia. 

Eoffmanii'i    Test    for    Tyrosin. — Boil    solutioa    or   deposit   with 
eicess   of   water,   then   Iieat  wilh   MJIIon'a   r^ngent,   getting  a   pink  or 
n  coloration  or  ppt. 


Heniatoidin  (bilirubin)  crystals  are  often  deposited  in  urine 
containing  bile  and  following  hemorrhages,  or  the  evacuation  of 


Fig.  83.— (Atlvr  vm  Jaknh.}  ILm^rU.t  a,  Culelum  csrboiiate. 
b.  Calcium  Bulpbate,  r,  Neatral  calcium  pboapbale.  d.  Baiiic  masDealuiD 
DbMPbBte.     X  360. 

an  abscess.  Tlicy  appear  as  yellow  or  ruby-red  needle  clusters 
or  rhombic  plates,  which  arc  soluble  in  NaHO,  and  show  a  green 
rim  on  adding  a  drop  of  HNOa-  Indigo  very  rarely  appears  in 
the  urine  as  blue  needles  in  stellate  form. 

The  colorless  crystals  of  the  urine  include  triple  phos- 
phates, calcium  oxfllate,  calcium  phosphate,  calcium  sulphate, 
cholesterin,  calcium  carbonate,  and  fatty  acid  crystals. 

The  eo-called  "triple"  phosphate  of  ammonium  and  mng- 
nesium,  NH4MgP04,  is  seen  normally  in  urine  which  has  under- 
gone ammooiacal  fermentation  after  voiding  {urine  may  be 
amphoteric).  When  present  in  freshly  passed  urine  such  a  de- 
posit is  always  pathologic,  indicating  ammoniacal  decomposition 
within  the  bladder  aa  both  a  cause  and  a  result  of  cystitis. 
Triple  phosphate  crj'stala  are  relatively  large  and  colorless,  hav- 
ing the  form  ordinarily  of  a  triangular  prism  with  beveled  ends; 
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hence  the  name  "coffin-lid"  cryetale.  Collections  of  these  crystals 
often  form  a  glistening  film  on  the  surface  of  stale  urine  and 
the  sides  of  the  container ;  this  appearance,  under  the  designa- 
tion of  "kiestein,"  was  formerly  believed  to  be  a  sign  of  preg- 
nancy, 

CaH(P04).2H20  crystals  are  sometimes  observed  in  feebly 
acid  urine  ae  broken,  granular  plates,  wedge-shaped  or  conic  scaly 
forms,  usually  grouped  in  a  radiating  manner  point  to  point. 
They  are  distinguished,  like  phosphates  generally,  by  their  ready 
solubility  in  acetic  acid  (acid  sodium  urate  dissolves  more  slowly 
and  is  replaced  by  crystals  of  uric  acid).  This  phosphate  also 
occurs  as  pale,  highly  refractive  granules  in  very  feebly  acid 


(After  ftUDH.)    ( 

urines.  A  deposit  of  this  nature  is  rarely  met  with  in  health 
when  the  urine  is  rich  in  lime-salta,  as  after  a  full  meal  of  cer- 
tain vegetables.  Pathologically  the  deposit  has  been  noted  in 
phthisis,  pyloric  cancer,  calculi,  and  obstinate  chronic  rheuma- 
tism, 

Trimagnesium  phosphate  appears  in  fine  feathery  crystals. 
Basic  Mg  phosphate  appears  amorphous  or  in  large  rhombic 
plaqnes,  or  as  thin  plates  like  broken  window-glass,  from  the 
glistening  pellicle  on  the  surface  of  urine. 

Calcium  oxalate  is  rather  a  common  sediment,  often  mis- 
taken macroscopically  for  a  cloud  of  mucus,  with  which,  for 
obvious  reasons,  it  is  often  co-existent.  It  is  found  both  in  acid 
and  in  alkaline  urine,  being  held  in  solution  normally  by  acid 
sodium  phosphate.  CaC204  crystals  are  usually  octahedral  in 
shape,  giving  the  appearance  of  a  square  crossed  by  two  diagonaj 
bright  lines,  like  the  back  of  a  square  envelope.    They  are  much 
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smaller  than  those  of  the  triple  photiphatc.  from  whicli  they  are 
further  distinguished  by  their  insolubility  in  acetic  acid.  Uuch 
rarer  forms  of  calcium  oxalate  crystals  are  those  resembling  a 
dumb-bell,  the  umbrella  forme,  and  the  oval  and  circular  (some- 
times radiating)  crystals  with  bright  centere  showing  bicon- 
cavity.  They  arc  rarely  colored  yellow  by  bile-pigment,  or  blue 
by  indican. 

CaCjOi  is  probably  formed  from  uric  acid  in  the  kidneys, 
and  may  thus  replace  the  acid  in  part  in  the  urine.  The  large 
crystals  are  thought  to  be  primary :  i.e.,  formed  within  the  body. 


Pr^tT-}    iL^nharti 


The  crystals  are  sometimes  pptd.  by  neutralizing  an  acid  urine. 
The  number  of  these  crystals  depends  on  the  quantity  of  Ca  in 
the  urine,  and  an  excess  often  accompanies  colitis.  CaC^Oi 
crystals  are  found  in  large  numbers  in  catarrhal  jaundice,  dia- 
betes mellitus,  and  azoospennatorrhea.  Their  more  or  less  con- 
stant occurrence  (oxalnria)  indicates  Bubo.tidation  and  malas- 
similatioQ  (as  in  lithemia),  high  tension,  and  errors  in  diet  and 
hygiene. 

Hippuric  ncid  is  occasionally  met  with  as  a  slight  urinary 
sediment  (after  saltcylic  acid  and  in  diabetes  mellitus  and  liver 
disease)  in  the  form  microscopically  of  fine  needles  or  of  four- 
sided  rhombic  prisms  with  beveled  ends  and  edges.  It  is  soluble 
in  alcohol;   insoluble  in  acetic  acid. 

Cholesterin — in  large,  thin,  and  nearly  transparent  plates 
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with  broken  comers — is  occasionally  encountered  in  the  urine 
of  cystitis,  diabetes,  chyluria,  tabes,  pregnancy,  jaundice,  ne- 
phritis, fatty  or  amyloid  or  cystic  (filariasis,  echinococci)  defen- 
eration of  the  kidneys,  and  after  evacuation  of  an  abscess  into 
the  urinary  tract  or  the  long-continued  administration  of  bro- 
mids.  Treated  with  dilute  H2SO4  and  then  with  I  solution, 
these  crystals  turn  violet,  turquoise,  then  blue. 

Calcium  sulphate  is  a  very  rare  sediment^  occurring  only 
in  acid  urine  of  high  sp.  gr.  The  crystals  are  long;  radiating, 
colorless  needles  or  rods  insoluble  in  acids  or  ammonia.  Calcium 
carbonate  is  also  an  exceedingly  rare  deposit  in  the  human  renal 
secretion.    It  is  found  only  in  alkaline  urine  as  a  whitish  deposit 


Fig.  86.— Magnesium  Phosphate  from  a  Fresh  Pellicle  upon 
the  Surface  of  Urine.    (Lenhartz.) 

that  dissolves  with  effervescence  in  dilute  acids,  and  which 
under  the  microscope  is  shown  to  be  composed  of  amorphous 
material  or  concretions  of  little  spheroids  (sometimes  in  pairs, 
like  biscuits  or  dumb-bells),  much  smaller  than  ammonium  urate. 
Fatty  acid  crystals  are  sometimes  seen  with  the  microscope 
as  fine,  bright  needles  (often  rosettes)  adhering  to  fat-drops  and 
fatty  cells.    They  are  observed  in  the  large  white  kidney. 


ORANTJLES. 

Acid  urates  of  K  and  N^a  are,  by  far,  the  most  common 
urinary  deposits,  forming  sediments  that  are  usually  amorphous 
and  vary  in  color  from  a  light  pink  to  a  deep  red — rarely  color- 
less. Under  the  microscope  they  appear  as  pink,  granular, 
moss-like  beds,  which  clear  up  on  warming  or  on  treating  with 
a  drop  of  NH4OH.     Calcium  urate  is  of  rare  occurrence  as  a 
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urinary  sediment,  appearing  as  a  light-gray,  amorplious  powder. 
Like  the  other  urates,  it  is  found  only  in  urine  of  acid  reaction ; 
these  mixed  urates  constitute  the  well-known  "hrick-dust"  de- 
posit of  cold  and  dense  urines.  Persistent  urate  deposits  are 
noted  in  chronic  diseases  with  hectic  fever,  in  goutiness,  and 
from  free  indulgence  in  meats  and  heavy  liquors.  The  white 
urates  of  young  infants  consist  chiefly  of  amorphous  ammonium 
urate.  Urine  rich  in  urates  after  being  in  a  bottle  for  some 
time  leaves  a  very  adherent  film  of  these  on  the  inside  of  the 
flask.     Urates  may  ppt.  in  the  bladder,  owing  to  reahsorption 
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of  the  water  of  the  urine;  hence  holding  the  urine  predisposes 
to  Btone.  Acid  fermentation  (vesic  mucous  catarrh)  causes 
uric  sedimentation.  Na  salts  decrease  the  solubility  of  sodium 
acid  urate. 

The  normal  earthy  phosphates  (Ca  and  Mg)  constitute  the 
most  common  sediment  of  alkaline  urines.  Tbey  are  easily  solu- 
ble in  acetic  acid,  being  in  this  way  discriminated  from  other 
urinary  deposits.  The  color  of  a  phosphatic  sediment  is  usually 
gray,  but  in  the  presence  of  hemoglobin  has  a  reddish  tinge, 
and  sympexia  from  the  prostate  are  often  colored  blue  or  yel- 
lowish. Cloudy  urine  from  these  granular  pbospbates  is  often 
seen  after  a  full  meal  of  vegetables,  but  the  constant  presence 
of  phosphaturia  indicates,  as  a  rule,  a  low  general  metabolism. 

The  black   pigment  meUnin    (phymstorbusin)    occurs   in 
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lumpy,  microscopic  granules,  soluble  only  in  boiling  mineral 
acids  or  strong  solutions  of  the  caustic  alkalies. 

Irregular  masses,  or  rhomboidal  crystals,  of  indigo  are 
rarely  noticed  in  the  urine,  especially  when  this  has  undergone 
putrefactive  changes  with  oxidation  of  indican.  The  blue  par- 
ticles may  also  be  derived  from  the  underwear. 

CASTS. 

Tube-casts,  or  cylinders,  are  molds  of  the  renal  tubules, 
formed  by  the  transudation  of  coagulable  material,  and  by  exu- 


Flg.  88.— Narrow  Hyaline  Casts. 

dation  from  and  degeneration  of  the  epithelial  cells  lining  these 
tubes.  The  casts  contract  and  entangle  formed  elements  and 
crystals,  and  are  finally  washed  out  by  the  pressure  of  liquid 
from  the  glomeruli.  They  are  nearly,  if  not  quite,  always  accom- 
panied by  albumin.  On  the  urine  standing,  casts  are  dissolved 
by  the  bacteria  present,  particularly  the  colon  bacilli. 

Tube-casts  are  of  prime  importance  in  the  diagnosis  and 
prognosis  of  renal  diseases.  Small  casts  (from  the  narrow  and 
convoluted  tubules)  characterize  acute  and  superficial  lesions, 
as  a  rule,  while  broad  casts  (from  the  straight  collecting  tubules) 
are  more  often  observed  in  well-advanced  degenerative  cases. 
Very  thick  casts,  from  the  collecting  tubules,  are  present  in 
cases  of  weak  heart  and  scanty  urine.  Casts  are  distinguished 
from  foreign  bodies  by  their  cylindric,  finger-shaped  form,  often 
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rounded  at  one  or  both  ends ;  and  by  their  more  regular  contour 
and  lesser  opacity. 

The  eimple?t  type  o(  tiibc-cast  is  the  hyaline,  which  is  ao 
nearly  transparent  as  to  require  a  dim  background  for  its  ready 
detection.  These  casts  are  rendered  more  readily  visible  by  add- 
ing a  drop  of  eoBin  solution  to  the  deposit  before  putting  on  the 
cover-glasB.  A  few  hyaline  caste,  with  a  trifling  amount  of  albu- 
min, are  often  to  be  found  in  transient  renal  circulatory  dis- 
turbances, such  as  may  be  caused  by  a  long  bicycle-ride,  over- 
eating or  overdrinking,  mental  or  physic  strain,  fevers,  lithemia, 
embolism,  and  ether  or  chloroform  anesthesia.     They  are  also 


seen  in  cases  of  cyanotic  kidney,  due  to  passive  congestion,  amy- 
loid disease,  and  occasionally  in  anemia,  malnutrition  and  sub- 
oxidation,  nephrolithiasis,  pyelitis,  floating  kidney,  and  even 
with  tumorB  of  the  bladder.  Jaundice  may  be  accompanied  by 
yellow,  hyaline  casts.  Chronic  interstitial  nephritis  is  manifested 
by  the  constant  or  intermittent  occurrence  of  small  numbers  of 
hyaline  casts,  and  still  fewer,  faintly  granular  ones,  along  with 
polyuria  and  slight  albuminuria  and  distinctive  cardiovascular 
changes. 

The  band-like  so-called  cylindroids  are  similar  in  appear- 
ance and  nearly  equal  in  significance  to  hyaline  casts,  but  are 
very  much  larger.  They  are  not  destroyed  in  an  alkaline  urine; 
true  casta  are.  They  are  most  frequent  in  pyelitis,  scarlet  and 
recurrent  fevers,  and  cholera.     Long,  pale,  branching,  striated 
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mucin  bands  are  always  present  with  excess  of  mucos^  and  hence 
are  noted  in  any  dense,  acid,  irritating  urine.  Gylindroids  from 
the  prostatic  ducts  are  usually  accompanied  by  many  mucin 
threads. 

Mixed  casts,  composed  of  a  hyaline  matrix,  beset  with  blood- 
or  pus-  cells,  epithelia,  nuclei,  or  granules,  characterize  acute 
parenchymatous  or  diffuse  nephritis,  being  foimd  here  in  large 
numbers;  and  also  the  exacerbations  of  chronic  nephritis.  The 
irregular  blood-casts  proper  are  likewise  noted  in  renal  hemor- 
rhage from  any  cause,  and  in  small  numbers  from  infarction  or 
marked  congestion  of  the  kidney.     When  retained  long  in  the 


Fig.  90.— Granular  Casts. 

tubules  the  corpuscles  break  down  into  dark,  rusty  granules^ 
forming,  thus,  rarely  hemoglobin-casts.  Barely  in  severe  renal 
congestion  hollow  cylinders  of  epithelium  are  thrown  off. 

Fibrinous  casts  are  simply  blood-stained  hyaline  molds,  and 
are  of  common  occurrence  in  hemorrhagic  nephritis.  Irregular 
yellow-brown  pseudocasts  of  wavy  fibrin  may  be  found  in  many 
forms  of  hematuria.  Cast-like  conglomerations  of  pus-cells  are 
significant  of  renal  abscess  or  pyonephrosis,  but  one  should  not 
mistake  for  these  groups  the  larger  climips  due  to  pyelitis,  pros- 
tatitis, or  leucorrhea.  Pus-casts  from  the  seminal  ducts  some- 
times accompany  sen^inal  vesiculitis. 

Granular  casts  denote  most  often  subacute  or  chronic 
parench}Tnatous  nephritis,  especially  when  accompanied  by  con- 
siderable albumin  and  dropsy.     The  coarser  the  granulations, 
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Fig.  91.— W»xy  Casts. 


Pig.  92.— False  Casts. 
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the  more  acute  is  the  disease;  the  finer,  the  more  chronic. 
These  finely  granulo-hy aline  casts  are  often  observed  in  the 
same  conditions  as  simple  hyaline  casts :  for  instance,  in  uric- 
acidemia  and  in  cyanotic  induration  of  the  kidneys.  Coarsely 
granular  easts  have  been  observed  in  renal  cysts.  Brownish, 
blood-stained,  granular  casts  are  sometimes  encountered,  along 
with  blood-casts,  in  scurvy,  hemophilia,  and  other  blood  dys- 
crasias  and  in  hemorrhagic  nephritis. 

Short  stumps  of  casts,  both  hyaline  and  granular,  are  found 
in  the  urine  during  and  often  preceding  diabetic  coma.  I>urinK 
the  first  week  of  life  hyaline  and  granular  casts  have  no  special 


Fatty  casts,  or  oil  casts,  are  formed  secondarily  from  granu- 
lar and  epithelial  casta,  and  indicate  nearly  always  a  chronic 
degenerative  process.  The  fat-globules  imbedded  in  these  casta 
are  very  readily  recognized  by  their  glistening,  highly  refractive 
appearance.  Fatty  cylinders  are  most  abundant  in  the  large 
white  kidney  of  very  chronic  nephritis.  Irregular,  cast-like  con- 
glomerations of  fat-drops,  accompanied  at  times  by  fatty  acid 
needles  (fatty  acids  and  Boaps),  are  sometimes  met  with  in  renal 
abscess,  fracture  of  the  long  bones,  and  in  poisoning  by  P,  Aa, 
Sb,  and  iodoform. 

Waxy  or  amyloid  casts  appear  aa  very  highly  refractive, 
colorless,  or  slightly  yellow,  often  cloudy,  wavy,  and  fluted  cylin- 
ders, usually  of  large  diameter.  They  are  quite  brittle;  hence 
often  much  broken  and  irregular.  They  are  attacked  hardly  at 
all  by  acetic  acid,  which  is  a  further  distinction  from  the  hyaline 
cylinders.    Some  of  them,  when  retained  for  a  long  time  in  the 


tubules,  give  the  amyloid  reaction :  a  mahogany  color  with  a 
dilute  eolution  of  iodopotassic  iodid,  turning  to  a  dirty  violet 
on  addition  of  dilute  112804.  Waxy  fragments  may  be  found 
in  subacute  and  chronic  parenchymatous  nephritis  and  in  renal 
amyloidosis,  whieh  last  is  usually  accompanied  by  amyloid  liver 
and  spleen.    They  indicate  that  death  is  not  far  away. 

Bacterial  oasts  in  freshly  passed  urine  are  suggestive  of 
interBtitial  suppurative  nephritis,  septic  embolism,  or  an  ascend- 
ing pyelonephritis  ("surgical  kidney").  Similar  groups  of 
micrococci  (zoijglea)  deposited  on  mucous  threads  are  apt  to 
occur  in  any  urine  that  has  stood  for  some  hours,  particularly  in 


warm  weather.  Bacterial  casts  resemble  somewhat  pale,  granular 
casta,  and  are  verj'  resistant  even  to  strong  chemic  reagents. 
The  bacteria  about  the  border  of  the  cast  are  in  constant  motion. 

Deposits  of  urates  on  mucin  bands  and  hyaline  cylinders 
give  rise  to  yellowish,  pink,  or  red-brown  cast-like  formations 
("catarrhal  casts"),  which  have  at  times  been  mistaken  for 
granular  casta.  These  conglomerations  may  consist  of  amorphous 
urates  or  of  calcium  oxalate  or  the  crystalline  urates  of  sodium 
or  ammonium,  or  rarely  of  cystin.  Thej  are  readily  distin- 
guished from  granular  casts  by  their  solubility  in  warm  water  or 
in  alkalies.  Uratic  pseudocasta  are  of  frequent  occurrence  in  the 
concentrated  urine  of  litheraic  persons,  especially  infanta  (pseu- 
docasts  of  CaaH2  {P04)a  in  newborn)  and  children.  Similar 
concretions  may  he  observed  occasionally  in  any  cold,  dense,  acid 
urine,  with  "brick-dust"  deposit  of  acid  urates. 

Prostatic  plugs  of  large  caliber,  :;ometinie3  colored  yellow, 
nnd  usually  with  imbedded  spermatozoa,  are  found  in  the  urine 
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during  mild  and  chronic  inflammations  in  the  region  of  the  pros- 
tate.  Small,  short,  narrow  pseudocasts,  tapering  at  both  ends^ 
come  from  the  prostate  in  prostatorrhea.  Large,  broad  pseudo- 
casts,  from  the  small  canals  of  the  testicle,  have  been  noted  in 
spermatorrhea. 

From  the  above  brief  resume  it  will  be  noted:  (1)  that 
tube-casts  have  general  as  well  as  local  significance;  (2)  that  no 
one  type  is  in  itself  pathognomonic  of  a  single  definite  lesion; 
(3)  that  the  various  types  are  pathologically  and  clinically  pro- 
gressive, changing  with  the  stages  of  the  underlying  disease^ 
according  to  its  particular  nature. 

CELLS. 

A  few  leucocytes  are  present  in  every  urine.  They  are  about 
twice  the  size  of  red  blood-cells.  Any  considerable  number  indi- 
cate irritation,  inflammation,  or  ulceration  (with  red  blood- 
cells)  of  some  part  of  the  genitourinary  tract.  Pus-cells  are 
readily  distinguished  by  their  granular  appearance  and  by  their 
nuclei  (rarely  mononuclear),  which,  if  not  apparent,  can  be 
brought  out  by  treating  with  a  drop  of  dilute  acetic  acid.  The 
nuclei  are  often  coalesced  in  horseshoe  form  (chronic  inflamma- 
tion), made  evident  by  staining.  Von  Jaksch  states  that 
leucocytes  are  stained  a  deep  mahogany-brown  (glycogen 
reaction)  by  iodopotassic  iodid  solution,  while  small  round  cells 
are  stained  light  yellow.  In  the  presence  of  alkalies  the 
nuclei  of  pus-corpuscles  are  broken  down  into  a  glairy,  mucus- 
like mass,  in  which  only  the  nuclei  may  be  visible.  Albumin  is 
always  present  in  the  supernatant  liquid  when  there  is  a  mac- 
roscopic deposit  of  pus.  The  purulent  urine  of  chronic  cystitis 
is  generally  ammoniacal,  except  in  tubercular  and  calculous  cases. 
A  sudden  gush  of  greenish  pus  is  likely  to  have  come  from  a 
ruptured  abscess  or  pyonephrosis. 

In  gonorrheal  urethritis  the  pus-cells  are  held  together  in 
threads  and  bands  by  mucin,  and  are  sometimes  attended  by 
spermatozoa.  The  appearance  of  mononuclear  cells  is  the  first 
sign  of  the  extension  of  the  catarrhal,  epithelial  process  to  the 
submucosa.  The  pus  is  often  clumped  and  mixed  with  small 
round  cells  in  chronic  pyelitis.  "Ragged,  crenated,  ameboid,  dis- 
torted" leucocytes  are  apt  to  be  from  the  renal  pelvis;  those 
imiformly  roimd  are  probably  from  the  bladder. 

According  to  Senator,  the  leucocytes  found  in  Bright's  dis- 
ease or  renal  tuberculosis  are  mononuclear,  while  those  present 
in  inflammation  of  the  urinary  tract  from  the  pelvis  downward 
are  polynuclear. 

Mucus  corpuscles  vary  in  size  from  a  pus-cell  to  several 
times  larger.  They  are  pale,  rather  irregular,  finely  granular, 
and  non-nucleated.  They  are  always  accompanied  by  mucin 
bands.    An  excess  of  mucus  is  observed  in  irritative  conditions 
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bplow  the  kidneys.     The  nebecula  in  these  eases  is  greatly  in- 
creased, and  the  urine  becomes  viscid,  slimy,  and  ropy. 

Red  blood -corpuscles,  if  present,  on  ccntrifugation  are 
thrown  down  in  a  dense,  reddish  layer,  of  a  much  deeper  shade 
usually  than  the  urates.  The  supernatant  liquid  shows  a  trace 
or  more  of  albumin.  Under  the  microscope  the  colored  blood- 
celis  are  ordinarly  easily  recognized  by  their  biconcave  discoid 
form.  The  difference  in  focus  between  the  centtal  circle  and 
the  outer  ring  is  shown  by  the  separate  focus  of  each,  one  ap- 
pearing dark  when  the  other  is  light.  Normal  blood -corpuscles 
are  yeUow  and  are  not  arranged  in  rouleavx  as  in  blood  from 
other  sources.     In  dense  urine  they  become  crenated.     Abnor- 
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mal  blood-cells,  such  as  have  been  in  the  urine  for  some  time 
(blood-  rings  or  shadows,  "washed-out"  blood-corpuscles),  are 
swollen,  biconvex,  and  devoid  of  color  and  about  two-thirds  the 
size  of  normal  cells;  a  few  of  these  are  commonly  to  be  seen 
throughout  the  interrals  of  renal  colic  due  to  stone.  Blood- 
casts  are  certain  evidence  of  a  renal  origin.  Bed  cells  well  pre- 
served are  most  likely  from  the  bladder  (except  vesic  tumors). 

Distended  forms  are  most  common  with  veaic  hemorrhage. 
Blood-pigment  particles  are  usually  amorphous,  rarely  crystal- 
line (hematoidin).  They  are  distinguished  from  the  much 
rarer  bilirubin  by  their  insolubility  in  KOH.  Urine  containing 
much  blood  can  be  clarified  for  finding  other  formed  elements  by 
repeated  washing  and  stirring  with  tepid  water  containing  a  little 
acetic  acid. 

Epithelial  cells  from  the  genitourinary  tract  differ  in  size 
and  shape  according  to  their  anatomic  source,  the  layer  from 
which  they  were  derived,  and  the  reaction  and  density  of  the 
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urine.  A  lining  of  stratified  epitiielimn— first  lajer  flat,  or 
squamous;  middle  layer  cuboidal,  or  round;  deep  layer  co- 
lumnar, or  cjlindric — exists  in  the  renal  pelves,  ureters,  blad- 
der, urethra,  vagina,  and  cervix  of  the  uterus ;  a  simple  epithe- 
lial lining  obtains  in  the  uriniferous  tubuleSj  the  prostate, 
cjaculatory  ducts,  Bartholinian  gland,  and  uterine  mucosa. 

The  size  of  epithelia  from  the  same  site  varies  at  different 
times;  thus,  in  light,  slightly  acid  or  alkaline  urines  the  cells 
swell  np,  while  in  dense,  acid  urines  they  ahrinJc.  The  leuco- 
cytes, which  are  practically  always  to  be  found,  also  shrink  or 
swell  in  the  same  proportion,  and  are  convenient  as  a  standard 
for  the  measurement  of  epithelia  with  a  view  to  determine  the 
origin  of  the  latter.  Epithelia  are  distinguished  from  leuco- 
cytes by  their  larger  size  and  the  presence  of  a  single  nucleus 
usually  distinct  witliout  the  aid  of  reagents.  They  may  be 
stained  with  blood  or  bile. 

The  "round",  polygonal,  or  cuboidal  renal  cells  are  from 
two-thirds  the  size  to  about  a  third  Inrger  than  the  leucocytes 
in  llie  same  spedmen.  Tluvy  are  highly  granular,  with  a  rela- 
tively large  nucleus,  and  are  much  distorted  in  degenerative 
processes.  The  round  cells  from  the  prostate  and  the  caudate 
and  spindle  cells  from  the  ureters  are  twice  the  size  of  pus- 
corpuscles.  Prostatic  cells  are  often  found  adherent  to  shreds 
of  mucin  {"prostatic  casts"),  and  are  usually  accompanied  by 
leucocytes,  and  frequently  by  spermatozoa.  The  small,  brown, 
■caudate  cells  from  the  renal  pelvis  are  a  little  larger  than  those 
from  the  ureters,  and  are  commonly  arranged  in  groups  like  the 
shingles  on  a  roof;  their  tails  are  often  curved  and  sometimes 
bifurcated.  These  cells  are  always  accompanied  by  more  or  less 
blood  and  often  by  crystals.  The  small  round  cells  (not  much 
larger  than  leucocytes,  and  with  bright  nucleus)  from  the  deeper 
layer  of  the  pelvis  are  often  arranged  in  clumps  and  are  always 
accompanied  by  pus.  Epithelia  from  the  calicea  are  rarely  found. 
They  are  somewhat  larger  than  the  tubulc-cells  and  generally 
overlap  one  another,  forming  clumps.  They  have  a  large,  promi- 
nent nucleus  and  are  seen  in  acute  pyelitis. 

Epithelia  from  the  neck  of  the  bladder  are  three  to  five 
times  the  size  of  a  leucocj-te.  They  are  usually  thick  and  round 
or  oval,  with  a  small,  prominent  nucleus.  From  the  fundus  the 
cells  are  still  larger,  and  if  from  the  superficial  layer  are  flat, 
thin,  and  polygonal,  and  joined  by  their  edges ;  thin  and  circular 
from  near  the  ureteral  orifices. 

Male  uretliral  cells  are  one  and  one-half  to  two  times  as 
large  as  leucocytes,  and  are  very  irregular.  The  dense,  squamous 
variety  obtains  in  the  prostatic  portion  of  the  canal;  the  co- 
lumnar, forward.  They  are  commonly  clumped  with  pus  in 
threads  of  mucus.  The  round  or  pyriform  prostatic  cells  may 
be  accompanied  by  prostatic  casts,  which  are  simply  long  shreds 
•of  mucin  entangbng  phosphates.     Seminal  cells  are  readily  dis- 
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tingujshed  by  the  presence  of  spermatozoa  both  free  and  in  the 
cell.  These  cells  are  of  inediuin  size,  round  in  form,  and  highly 
granular,  with  an  ill-defined  nucleus. 

The  largest  cells  encountered  in  urine  are  those  from  the 
vagina.  They  are  squamous,  warped,  and  arranged  overlapping 
in  sheets,  only  slightly  granular,  contain  many  bacteria,  and 
are  commonly  accompanied  by  pus-cells.  They  are  polygonal  and 
thinner  and  more  granular  than  vesic  epithelin.  They  are  due 
to  leucorrhea,  menstruation,  or  masturbation.  Vulval  cells  and 
cells  from  the  gians  penis  are  apt  to  take  on  the  character  of 
dried,  jagged,  epidermal  scales  without  a  nucleus  and  often 
studded  with  fat  and  dirt :   the  so-called  smegma. 

Small,  ciliated  epithelia  may  come  from  the  body  of  the 
uterus  (prismatic,  with  ordinary  vaginal  cella  during  menstrua- 

Tie.   K.— UrlDBfj   EpltHella. 

tion)  or  the  ejaculatory  ducta.  The  cells  from  the  female  ure- 
thra arc  large  and  round  or  oval,  quite  similar  to  those  from 
the  neck  of  the  bladder.  Those  from  the  Bartbolinian  glands 
are  exactly  the  counterpart  of  the  prostatic  cells.  Epithelia 
from  the  neck  of  the  utems  are  flat,  cuboidal,  and  columnar, 
and  quite  irregular;  they  are  somewhat  smaller  than  those  from 
the  vagina.  Decidual  cells  are  large,  round,  polygonal,  or  spindle- 
shaped,  with  large  nuclei  and  nucleoli. 

While  a  small  number  o£  epithelia  (vesic,  especially)  may 
be  said  to  represent  the  normal  "wear  and  tear"  of  the  mucous 
membrane,  large  numbers  indicate  irritation  or  inflammation. 

Fatty  degeneration  of  cells,  except  vaginal,  is  an  indication 
of  n  chronic  inflammatory  condition  of  the  part  involved.  If 
the  fat-drop8  have  been  waj^hed  out,  vacuoles  are  left.  Multiple 
nuclei  are  generally  evidence  of  adjacent  inflammation  esert- 
ing  pressure,  as  in  the  case  of  s  perirenal  or  perivesic  abscess. 
Fntty  renal  celJE  are  noted,  not  only  in  subacute  and  chronic 
diifuee  nephritis,  but  also  in  the  fatty  stage  of  acute  nephritis 
and  severe  renal  congestion,  as  in  cholera  and  other  acute  infec- 
tions. These  fatty  renal  cella  are  not  to  be  mistaken  for  the 
compound  granule-cells,  which  are  larger,  round  epithelia  that 
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have  undergone  complete  fatty  degeneration,  and  show  no 
nucleus,  but  Bometimea  fatty  needles.  They  have  been  observed 
in  nephritis,  chronic  pyelitis,  cystitis,  prostatitis,  and  urethritis; 
also  in  ulcerations  and  in  the  contents  of  a  niptured  abscess  or 
cyst,  SB  well  as  in  vaginal  secretions.  They  are  of  diagnostic 
importance  only  in  connection  with  casts. 

Chyle  or  fat  in  the  urine  is  recognized  microscopically  as 
highly  refracting  globules  with  dark,  broad  borders,  dissolving 
more  or  less  on  the  addition  of  ether. 

Fat  is  seen  in  large  drops  sometimes  in  the  large  white  kid- 
ney; also  frequently  in  chronic  prostatitis,  and  occasionally  in 
severe  acute  fevers  and  in  oxaluria.  Fatty  granules,  Bpheniles, 
and  epithelia  occur,  along  with  frequent  hemorrhages,  in  urinary 
cancer. 

All  urine  containing  any  appreciable  amount  of  blood  always 
contains  wavy  bands  of  fibrin  with  refractive  margins.  Con- 
nective-tisBue  shreds  are  made  up  of  bundles  of  wavy,  highly 


refractive  fibers  and  fibrillie.  They  are  found  in  ulceration, 
suppuration,  hemorrhage,  trauma,  tumors,  prostatic  hypertrophy 
and  inflammation,  renal  cirrhosis,  renal  atrophy,  and  all  intense 
inflammatory  processes.  Spermatozoa  are  found  in  the  urine 
after  sexual  intercourse  or  emissions,  and  almost  constantly  in 
the  very  rare  condition  of  true  spermatorrhea;  also  frequently 
'n  chronic  prostatitis,  and  occasionally  in  severe  acute  fevers  and 
n  oxaluria.  Spermatozoa  are  about  one  six-hundredth  of  an 
ncli  long,  and  consist  of  a  flattened,  oval  head  and  a  long,  taper- 
ing tail.  The  motion  of  these  bodies  soon  ceases  in  the  urine. 
In  sperm atocystitis  the  head  often  becomes  granular,  like  a  pus- 
corpuscle.  Spermatozoa  are  usuaHy  accompanied  by  granular 
cells,  with  and  without  nuclei,  and  rarely  by  spermatic  crystals 
and  lecithin  bodies. 

Amyloid  corpuscles  from  the  prostate  are  pale,  irregular, 
oval,  or  angular  concentric  bodies  having  a  high  refraction  and 
often  a  central  nucleus.  They  are  colloid  in  structure,  and  are 
increased  in  numbers  in  prostatic  hypertrophy.  They  are  colored 
red  by  methyl-violet  (starch,  hlue).  They  may  form  the  basis 
of  prostalic  concretions. 
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Fragments  of  urinary  tumors  are  occasionally  found,  par- 
ticularly papillorafltouB  shreds  and  earcoma-corpusclea.  These 
are  compact,  granular  bodies  a  trifle  smaller  than  pus-cells,  and 
are  nearly  always  accompanjed  by  large  shreds  of  connective 
tissue.  Oaneer-celle  and  the  pigmented  cells  of  melanoma  are 
rarely  seen.  Epithelial  cells  with  prominent  nuclei  and  of  varied 
shapes  are  sugpeptive  of  a  new  growth.  Villi  of  growths  cov- 
ered with  muSti  lamella  ted  epithelia  may  sometimes  be  obtained 
by  moving  a  catheter  about  in  the  bladder. 

The  most  common  parasite  found  in  the  urine  is  the  tri- 
chomonas vaginalis:  a  harmless  habitant  of  the  vagina  in  cases 
of  leucorrhea.  In  the  bladder  it  may  give  rise  to  dysuria  and 
hematuria.  Jt  has  an  oval  head,  often  nucleated,  with  a  large 
fail  or  several  flagella.  It  is  mucli  larger  than  spennatozoa. 
The  cercomonas  is  similarly  of  no  Bignificance.  Other  urinary 
parasites  are  the  filaria  sanguinis  hominiB  (embryos  in  urine; 
causes  ehyluria),  distoma  hematobium,  echinococci  {booklets, 
motile  scolices,  or  fra^ents  of  cystic  membrane),  asearides, 
oxyuris  vermicularis  (little  girls),  and  eustrong}'lu9. 


Germs  seem  to  have  the  power  of  spontaneous  entrance  to 
the  bladder  in  paralysis  of  this  organ.  Bacteriuria  if,  in  gen- 
eral, a  sign  of  catarrh  of  some  part  of  the  urinary  tract,  particu- 
larly of  the  renal  pelvis.  Sarcine  in  the  bladder  may  produce 
obscure  vesic  symptoms. 

The  flora  of  the  urethra,  according  to  Warren,  includes  the 
bacterium  coli  commune,  coccobaeillus  liquefaciens  urethrse, 
bacillus  urethne  non- liquefaciens,  leptothrix  urethrre,  diplo- 
coccus  candidus  urethne,  pseudogonococcns,  gonococcus  of 
Neisser,  staphylococcus  ures  liquefaciens,  streptococcus  pyo- 
genes, streptococcus  liquefaciens  urethra,  sarcina  urethrs, 
smegma  baciUue,  tubercle  bacillus,  bacillus  typhosus,  staphylo- 
cocci pyogenes  aureus  and  albus,  and  Btreptobacillus  anthra- 
coides. 

Of  the  vesic  flora,  the  bacterium  coli  commune  is  the  most 
common  cause  of  acid  cystitis,  gaining  access  to  the  urine  in 
case  of  obstinate  constipation  or  other  bowel  trouble.  The  uro- 
bacillus  liquefaciens  septicus  (protcus  vulgaris  Hauser)  is  pyo- 
genic and  decomposes  urea,  setting  up  ammoniacal  cystitis  and 
pyelonephritis.  The  diplococcus  and  the  staphylococcus  urete 
liquefaciens  (Melchior)  also  rapidly  decompose  urea;  the  Btrep- 
tobacillus anthracoidea  slowly.  The  staphylococci  aureus  and 
albus  are  common  pus-producers  and  also  decompose  urea.  The 
bacillus  lactis  aorogencs  is  responsible  for  most  cafcs  of  pnen- 
maturia,  in  which  bubbles  of  gas  (H)  are  passed  with  the  urine. 
The  pseudodiphtheria  bacillus  is  a  common  species,  A  long 
bacillus  is  often  found  in  the  urine  of  cystitis. 
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In  urine  that  is  undergoing  putrefactive  changes  micro- 
cocci ureae  are  most  constant.  These  appear  under  the  micro- 
scope as  trembling  points,  isolated  or  collected  in  strings.  The 
bacterium  termo,  another  common  putrefactive  micro-organism, 
appears  as  comparatively  large,  oblong  cells,  often  joined  in 
pairs  or  longer  chains.  In  stale  urine  we  often  see  zooglea 
groups  of  cocci:,  that  is,  masses  of  cocci  enveloped  in  a  color- 
less, gelatinous  capsule.  The  bacillus  subtilis,  or  hay  bacillus, 
is  a  large  bacillus  frequently  found  in  decomposed  urine,  and 
various  actively  motile  vibriones  are  likely  to  gain  access  from 
the  air  or  from  unclean  vessels.  Leptothrix  threads  are  some- 
times seen,  and  in  large  numbers  may  give  rise  to  myotic  cys- 
titis; in  such  cases  they  may  be  seen  in  the  urine  as  whitish 
pellicles  with  the  naked  eye.  Yeast-cells,  or  saccharomycetae, 
are  found  in  acid  urine  (sometimes  from  floating  dust  of  air), 
particularly  in  cases  of  diabetes  mellitus,  along  with  bacteria 
and  molds,  on  standing,  and  are  often  arranged  in  arborescent 
groups. 


Pig.  98.— Micrococcus  Ureae. 


They  are  distinguished  from  colorless  blood-cells  by  their 
oval  shape,  irregular  size,  budding,  and  nuclei.  Oi'dium  lactis 
is  a  common  mold-fungus  of  the  acid  urine,  and  consists  of 
jointed  stems  (mycelia)  and  vacuolated  spores  (conidia).  The 
penicilium  glaucum  and  aspergilli  are  much  less  frequent  in 
urine.  The  hypha  of  the  latter  fungi  ends  in  a  spheric  or  club- 
shaped  vesicle;  the  hyphse  of  the  former  divide  and  subdivide 
into  thread-like  basidia  and  streigmata.  Leptothrix  threads  and 
spores  and  those  of  actinomyces  and  soor  (thrush  fungus  from 
vagina)  are  rarely  found  in  the  urine. 

Of  pathogenic  urinary  bacteria  the  tubercle  bacillus  is  most 
important.  It  is  pyogenic  and  gives  rise  to  acid  cystitis  and 
pyelitis.  Tuberculous  lesions  may  be  either  primary  or  second- 
ary. The  smegma  bacillus  resembles  the  tubercle  bacillus  in 
form  and  in  reaction  to  the  common  stains,  but  is  usually  single 
and  without  pyuria;  it  is  usually  excluded  by  treating  with  alco- 
hol, which  decolorizes  the  smegma,  but  not  the  tubercle  bacillus. 
To  detect  tubercle  bacilli  in  the  urine  centrifugate,  wash  sedi- 
ment by  decantation  with  distilled  water,  and  centrifugate  again; 
fix  sediment  by  heating  gently  over  a  copper  or  iron  plate;  stain 
with  carbol-fuchsin,  then  decolorize  in  20-per-cent.  HNO3  and 
again  in  70-per-cent.  alcohol  (for  at  least  ten  minutes),  and 
oountcrstain  with  aqueous  solution  of  methvlene-blue.  Tubercle 
bacilli  are  often  diflScult  to  find  when  present  in  the  urine,  and 
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in  case  of  doubt  some  of  the  urine  and  sediment  should  be  in- 
jected into  guinea-pigs.  The  bacilli  are  most  likely  to  be  found 
in  the  residual  urine  drawn  from  the  bladder  by  catheterization. 

The  gonococcus  is  a  frequent  habitant  of  the  genitourinary 
tract,  and  is  the  commonest  cause  of  suppuration  in  both  sexes. 
Gonorrhea  is  usually  a  mixed  infection.  Coplin's  method  of 
staining  gonococci  is  as  follows.  Stain  with  saturated  alcoholic 
solution  of  methylene-blue  for  five  to  fifteen  minutes,  wash  in 
water,  and  then  stain  with  saturated  alcoholic  solution  of  eosin 
for  the  same  length  of  time.  Wash  in  water,  dry,  and  mount. 
The  nucleus  of  the  pus-corpuscle  and  the  diplococci  contained  in 
the  cells  are  stained  blue;  the  protoplasm  of  the  cells,  pink. 
Diplococcus  urethrae  resembles  the  gonococcus  in  all  respects, 
except  that  it  is  not  found  in  the  pus-corpuscles. 

The  streptococcus  pyogenes  is  the  commonest  germ  of  puer- 
peral fever.    The  bacillus  typhosus  is  present  in  at  least  25  per 


Fig.  99.— Yeast  Fungus.    (After  Harley.)    (Lenhartz.) 

cent,  of  cases  of  typhoid  fever  during  convalescence.  The  diplo- 
bacillus  of  Friedlander  is  occasionally  present  in  the  urine,  par- 
ticularly during  an  attack  of  pneumonia.  Other  unusual  patho- 
genic urinary  bacteria  are  the  streptococcus  erysipelatis,  spirillum 
of  relapsing  fever,  bacillus  of  glanders,  anthrax  bacillus,  sarcinae, 
and  bacillus  of  ulcerative  endocarditis. 


THE  URINE  IH  VABIOUS  OENITOVRIHABY  DISEASES. 

Benal  Arteriosclerosis. — Low  sp.  gr.;  often  mere  traces  albumin; 
diminished  urea;  withered  epithelial  cells,  narrow  hyaline  and  granular 
casts  and  sometimes  blood-cells;  senile  atrophy. 

Passive  Benal  Hyperemia. — ^Differs  from  active  by  diminution  of 
«olid3  and  by  absence  or  scanty  numbers  of  blood  and  epithelial  cells. 

Benal  Calculus. — Urine  somewhat  diminished,  smoky  or  porter- 
colored,  sharply  acid  (may  be  alkaline  later);  small  amount  albumin; 
red  blood-cells  (1  to  20  swollen  phantom  corpuscles  in  each  field  in 
nearly  every  specimen  in  intervals  of  attacks) ;  few  leucocytes  (many 
in  tuberculous  disease)  until  pyelitis  supervenes. 

Acute  Pyelitis. — ^High  color  (sometimes  red) ;  diminished  quan- 
tity; acid  reaction;  solids  about  normal;  slight  amount  albumin,  blood 
and  pus  (clumped) ;  crystals  and  caudate  cells;  shreds  of  mucin, 
fragments  of  connective  tissue;  casts  if  tubules  involved. 

Chronic  Pyelitis. — ^Urine  abundant,  pale  yellow,  doudv,  1.008  to 
1.010;  flocculent  purulent  sediment;  often  hemorrhage  witia  cylindrie 
clots--H9udden   changes   in   appearance   of   urine   from   closure   of  one 
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ureter;  albumin  more  by  volume  than  sedimenti  papillary  plugs  ("pns 
casta") ;  hj-slioe  and  granulBT  casta  if  coeiiBtent  renal  irtitationi 
usually  bacteria- 
Hydro  nephrosis. — Perioda  of  sudden  exceaa;  low  sp,  gr.;  albumin 
in  eliglit  amount,  ioctcasing  on  escape  of  conHned  urine;  abundance 
of  angular  and  spindle-shaped  epithelia,  few  pus-cells,  Bometimea  red 
blood  corpuscles. 

Kovable  and  Tloatlng  Sidney. — Urine  often  scanty  or  tempo- 
rarily suppressed',  usually  small  quantity  of  albumin;  spindle- ah  aped 
epithelia  and  at  times  blood  and  pus -cells. 

CyitltlB. — Albumin  less  by  volume  than  sediment — albumin  absent 
in  irritable  bladder.  Mucous  catarrhal:  faintly  acid,  non- albuminous; 
scanty  sediment  of  epithelia  and  leucocytes.  Purulent  catarrhal: 
sediment  finely  ilocculent  in  acid,  greenish  and  slimy  in  alkaline;  slight 
albuminuria;  large  number  of  bacteria  and  triple  phosphate  cri'Stala. 
Tuberculous:  purulent  urine,  distinctly  acid;  tubercle  bacilli  difficult 
to  find.  Calculous:  urine  usually  alkaline;  last  portion  may  contain 
bright  blood,  especially  after  exercise;  crystals,  vesic  epithelia  and 
mucopus. 

Frottatltli. — Urine  pale,  turbid,  diminished,  acid,  low  sp.  gr.; 
slight  trace  albumin  (also  mucin);  pus  discrete  or  clumped  in  mucin 
shreds;  lonR  narrow  and  small  round  epithelial  cells,  often  side  by  side 
and  stained  at  base  with  blood-pigment;  blood-corpuscles,  amyloid 
bodies,  granular  seminal  bodies  (size  of  pus-cell},  spermatosoa  and 
prostatic   plugs.     Examine   first  portion  of  urine. 

Semuial  Teilciilltli. — First  portion  of  urine  after  milking  vesicles 
contains  pus,  mucous  globules,  phosphates  and  spermatozoa;  sometimes 
blood,  particularly  if  tuberculous. 

UrethrlHi.--Short,  thick  tack-  or  comma-shaped  shreds  from 
urethral  crypts  and  follicles;  albumin  from  pus  (in  excess  of  pus) 
in  acute  sta^  of  posterior  form.  Sediment  mucoid  or  purulent  in 
simple  acute  inflammation.  Acute  gonorrhea:  mucoid  at  fir^t;  in  two  or 
three  days  yellowish-green  or  dirty  browniah-red,  and  again  mucoid; 
leucocytes  containing  gonococci;  squamous,  polygonal  or  caudate  oval 
epithelia.  Chronic  gonorrhea:  translucent  mucoid  or  opaque  yellow 
threads  or  shreds  in  urine;  morning  drop;  cylindric  and  goblet  cells, 
club-shaped  and  sickle-foim  epithelia,  with  small  nuclei,  sometimes  in 
cluraps  or  bands. 

THE  UKINE  IN  THE  DIAGNOSIS  OF  NON-  ' 

UfilBABY   DISEASES. 

We  judge  most  certainly  the  condition  of  a  living  organism 
by  comparing;  its  intake  and  its  output.  The  urine  is  the  chief 
in<lex  of  metabolism  in  the  human  body,  and  its  qualitative  and 
quantitative  examination  furnishes  evidence  of  the  great«at  prac- 
tical value.  In  chronic  non-urinary  diseases  in  general  the  urine 
is  diminished,  usually  pale  and  faintly  acid  or  alkaline,  and  the 
normal  salts  are  decreased.  There  is  usuiilly  a  trace  of  albumin, 
and  sometimes  a  few  casts. 

SPECIFIC  ISTECTIOHS. 

During  the  febrile  stage  of  all  fevers  the  urine  is  dimin- 
ished in  quantity  and  highly  acid.  The  §p.  gr.  shows  a  relative 
increase,  owing  to  the  absolute  excess  of  urea  depending  on  aug- 
mented tissue-waste.    Uric  acid  is  increased  proportionately  even 
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more  than  urea,  and  uratic  deposits  are  common.  In  cholera 
and  in  fatal  cases  of  other  diseases  urea  is  greatly  diminished 
during  the  last  day  or  so  of  life.  The  excretion  of  chlorids  and 
phosphates  (except  in  spotted  fever)  is  diminished  until  the 
beginning  of  convalescence,  and  is  most  marked  when  there  is 
a  serous  effusion. 

Pigmentation  is  deepened  because  of  hemolytic  changes, 
and  bile-pigment  is  not  infrequently  present,  particularly  in 
smallpox.  Hemoglobinuria  is  indicative  of  decided  destruction 
of  red  blood-corpuscles ;  it  accompanies  severe  infections,  and  is 
a  valuable  premonitory  sign  of  scariatinal  hematuria  and  nephri- 
tis. Albuminuria  is  observed  at  some  time  in  the  majority  of 
cases  of  fevers  generally,  but  is  usually  slight  in  quantity  unless 
nephritis  (common  in  erysipelas,  diphtheria,  and  scariet  fever) 
complicates.  Albumosuria  is  occasionally  noted,  particulariy  in 
pyemia,  typhoid,  pneumonia,  and  cerebrospinal  meningitis,  and 
a  trace  of  glucose  is  not  uncommon.  Hyaline  casts  are  frequent, 
even  without  supervening  nephritis — in  the  event  of  which  we 
find  also  epithelial,  red  blood-,  leucocyte,  and  granular  casts. 
Chronic  pyelitis  is  a  more  frequent  sequel  of  infectious  diseases 
than  is  chronic  nephritis.  Urinary  pigments  are  much  increased 
in  pneumonia,  and  indican  in  cholera. 

The  special  color-test  of  typhoid  fever  known  aa  Ehrlich^s 
diazo  reaction  has  been  ranked  by  good  authority  as  of  equal 
value  with  Widal's  agglutination  test.  It  occurs  a  day  or  two 
earlier  (fifth  to  ninth  day  usually)  than  does  the  serum-reaction, 
and  serves  quantitatively  for  prognosis,  whereas  the  serum- 
reaction  is  said  to  have  no  prognostic  significance;  the  diazo 
reaction  may  be  absent  throughout  the  course  of  very  mild  cases 
of  enteric  fever.  This  reaction  is  of  special  use  in  differen- 
tiating typhoid  from  simple  enteritis  and  allied  complaints.  It 
is  likewise  met  with  in  miliary  tuberculosis  (usually  not  till  the 
third  week),  carcinoma,  and  in  severe  cases  of  measles,  scarla- 
tina, erysipelas,  pneumonia,  typhus,  septicemia,  and  pyemia,  as 
alFo  in  cases  of  ordinary  phthisis  which  are  rapidly  progressing 
to  a  fatal  termination.  In  all  these  instances  its  occurrence 
is  chiefly  an  item  of  prognosis. 

The  Ehrlich  reaction  depends  upon  the  red  color  produced 
by  the  action  of  diazobenzolsulphonic  acid,  in  the  presence  of 
excess  of  NH4OH,  on  alloxyproteinic  acid  in  the  urine  of  typhoid 
and  other  diseases.  Two  solutions  are  required  and  should  be 
kept  in  a  dark  place.  The  first  consists  of  10  c.c.  HCl  with  200 
c.c.  of  a  saturated  aqueous  solution  (5  gm.  per  liter)  of  sul- 
phanilic  acid.  The  second  is  a  0.5-per-cent.  aqueous  solution  of 
sodium  nitrite,  made  as  fresh  as  possible.  The  reaction  between 
these  two  solutions  may  be  represented  as  follows: — 

CeH,  (^ g^^^-f  HNO2  =  CeH,  <^  g^^^  Nl-f  2H,0 
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To  apply  the  test  mix  -iO  parts  of  the  first  solution  with  1 
part  of  the  second  (Greeue),  add  an  equal  volume  of  urine,  shake 
well,  and  allow  an  excess  of  NH4OH  to  run  slowly  down  the  Bide 
of  the  tube.  If  the  reaction  is  positive,  the  foam  will  be  colored 
pink  and  the  urine  crimson.  The  color  of  the  foam  is  the  most 
eseential  feature,  since  all  febrile  urines  give  an  orange  color 
with  the  test  eolution.  If  the  mixture  ia  poured  into  a  porce- 
lain dish  containing  water,  a  salmon-red  color  is  obtained  when 
the  reaction  ia  positive,  while  a  yeliow  or  orange  color  is  nega- 
tire. 

The  sudden  disappearance  of  this  reaction  in  typhoid,  with- 
out improvement  in  the  clinical  symptoms,  may  mean  renal  in- 
volvement or  some  secondarj-  infection.  The  diazo  reaction  may 
be  simulated  by  the  patienfe  taking  salol,  antipyrin,  pheoacetin, 
salicylic  acid,  creosote,  resorcin,  codein,  quinin,  digitalin,  chry- 
earobin,  or  naphtalin,  and  by  excess  of  indican,  urochrom,  or 
djacetic  acid.  It  is  prevented  by  drugs  containing  tannin  or 
iodin. 

EEmC  Am   CIECTn^TORT   DISORDERS. 

The  relative  value  of  tlie  vis  a  tergo  is  the  all-important 
factor  in  the  causation  of  the  urinary  changes  of  circulatory 
origin.  When  cardiac  hypertrophy  exists,  and  compensation  is 
maintained,  there  is  absolute  increase  of  both  the  water  and 
the  solids  of  the  urine.  Failing  compensation  ia  marked  and 
meaeured  by  decrease  of  the  solid  ingredients  and  by  the  pres- 
ence of  albumin  and  hyaline  casts,  both  of  which  may  be  made 
to  disappear  for  a  time  under  the  administration  of  digitalis 
and  otlier  cardiac  tonics.  Much  the  same  picture  as  to  the  urine 
presents  itself  in  the  secondary  cardiac  dilation  of  valvular  dis- 
ease, and  in  arteriosclerosis  and  the  various  myocardial  degenera- 
tione.    Glucose  and  lactic  acid  are  sometimes  present. 

Concerning  blood-changes  proper,  hematuria  or  hemoglob- 
inuria, apparently  spontaneous,  is  of  rather  common  occurrence 
in  purpura  hemorrhagica,  scurvy,  and  hemophilia.  A  pale  urine, 
deJicient  in  normal  solids,  is  a  feature  of  chlorosis  and  anemias. 
In  progressive  pernicious  anemia  indicanuria  is  a  prominent 
sign.  A  small  amount  of  albumin  may  be  encountered  in  any 
of  the  blood  dyscrasias  as  welt  as  in  degenerative  lesions  of  the 
ductless  glands.  Remembering  the  nucleinic  origin  of  uric  acid, 
a  great  ejccess  of  this  ingredient  in  the  urine  of  leukemia  is  not 
surprising.  Ulcerative  endocarditis  and  hidden  pyemic  foci  may 
discover  themselves  first  by  renal  infarcts,  with  sudden  pro- 
nounced albuminuria  and  blood-  and  pus-  casts.  Fatty  celts  and 
easts  are  not  uncommon  in  leukemia. 

RB8FIK±T0RT  DISEASES. 
The  chlorids  show  a  reduction  in  all  dyspneic  conditions, 
particularly  in  pneumonia  and  capillary  broncbitia.     The  ex- 
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cessive  excretion  of  chlorids  following  retention  is  a  more  def- 
inite sign  of  resolution  than  even  the  fall  of  temperature  by 
crisis  or  lysis.  Urea  and  sulphates  are  markedly  increased  ex- 
cept in  grave  cases,  and  the  urates  are  enormously  augmented. 
Albuminuria  is  present  in  nearly  one-half  of  all  cases  of  pneu- 
monia, and  these  yield  a  mortality  three  times  as  great  as  in 
non-albuminuric  patients.  Albumosuria  or  peptonuria  is  a 
distinctive  feature  of  the  absorption  stage  in  pneumonia  and 
pleurisy  with  exudation.  The  urine  of  phthisis  is  very  variable. 
It  is  usually  increased  in  quantity  till  near  the  fatal  end.  Albu- 
minuria is  the  rule,  but  the  quantity  is  slight  except  in  subacute 
glomerular  nephritis  or  tuberculous  ulcers  in  kidney  or  bladder, 
or  in  amyloid  renal  lesions,  which  are  comparatively  rare.  The 
urine  of  emphysema  is  also  likely  to  contain  albumin,  owing  to 
circulatory  obstruction. 

OASTBOINTESTIHAL  DISEASES. 

In  organic  disease  of  the  stomach  and  intestines,  and  in 
acute  peritonitis,  the  urine,  as  a  rule,  is  diminished  in  quantity, 
the  diminution  amounting  to  suppression  at  times  in  the  various 
forms  of  cholera,  in  appendicitis,  and  in  acute  obstruction.  The 
reaction  is  frequently  neutral  or  alkaline,  with  resulting  precipi- 
tation of  eari;hy  phosphates,  or  "phosphaturia.^*  The  nonnal 
digestive  curve  of  acidity  is  always  deepened  in  gastrosuccorrhea, 
but  is  absent  in  atrophic  gastritis  and  cancer  of  the  stomach. 
The  chlorids  are  deficient  in  carcinoma  ventriculi  (with  excess 
of  N)  and  in  dilation  (N  diminished)  with  gastrosuccorrhea; 
also  in  acute  general  perit6nitis.  Intestinal  indigestion  is  char- 
acterized by  deposits  of  urates  and  oxalates.  A  trace  of  albu- 
min, attributable  to  autointoxication,  is  not  seldom  to  be  found, 
and  albumosuria  is  often  present  in  ulcerative  conditions.  Next 
to  pus,  an  excess  of  "indican*^  is  the  most  familiar  feature  of 
pathologic  urines.  This  indicanuria  signifies,  as  a  rule,  albu- 
minous putrefaction  in  the  alimentary  tract,  and  the  indications 
for  laxatives  and  intestinal  antiseptics  are  plain.  In  acute  or 
chronic  intestinal  obstruction  the  excess  of  indican  is  apt  to  be 
enormous,  and  it  is  likewise  marked  in  general  peritonitis.  Hy- 
drothionuria  naturally  gives  rise  to  a  suspicion  of  fecal  fistula, 
but  the  same  sewer-gas  odor  may  be  developed  by  certain  micro- 
organisms introduced  per  vias  natvrales. 

HEPATIC  AND  PAHCBEATIC  LESIOHS. 

In  all  liver  lesions  the  urine  is  highly  acid  and  deeply  col- 
ored. Bile-pigment  is  commonly  present  in  considerable  amount. 
Urea  is  more  or  less  diminished,  being  nearly  absent  and  replaced 
by  ammonia  and  leucin  and  tyrosin  in  acute  yellow  atrophy. 
Uric  acid  is  increased,  while  the  chlorids  are  diminished  in 
direct  proportion  with  ascites.    Albumin  is  noted  in  cases  see- 


-onclary  to  cardiac  lesions  and  in  syphilitic,  tubercular,  and  amy- 
loid livers.  Albumin  and  caata  often  accompany  gall-blndder 
infectionB  and  obstructions  of  the  common  duct, 

A  trace  of  sugar  is  not  infrequent  in  liver  disorders  gener- 
ally. In  obstructive  jaundice  choluria  is  evident  both  before 
and  after  the  appearance  of  icterus  in  the  skin.  The  conjugate 
sulphates  are  ranch  increased  in  obstructive  jaundice;  the  total 
sulphates  diminished  in  the  non-obstructive  form.  The  choluria 
of  cholelithiasis  is  of  distinct  service  in  differentiating  hepatic 
from  renal  colic  and  other  abdominal  pain.  Leucin  and  tyroain 
are  occasionally  noted  in  various  hepatic  affections  as  well  as  in 
defective  intestinal  digestion,  but  they  are  much  more  abundant 
in  acute  yellow  atrophy ;  the  easts  and  cells  show  fatty  degenera- 
tion of  the  kidneys,  and  are  usually  stained  yellow. 

In  hepatic  insufficiency  the  urine  contains  albumin  and 
hyaline  and  granular  casts..  In  tJie  advanced  stage  glycosuria  is 
constant,  with  deficient  urea,  indicanuria,  and  urobilinuria. 
Urinary  toxicity  is  diminished,  and  the  elimination  of  methylene- 
blue  is  retarded.  A  striking  character  of  the  later  stages  of 
hepatic  cirrhosis  is  the  coincidence  of  a  urine  dark  in  color  and 
light  in  weight :  always  a  sign  of  grave  import. 

Chronic  pancreatitis  is  marked,  by  polyuria,  glycosuria,  and 
lipuria.  There  may  be  albumin  or  glucose  in  the  urine  of  pa- 
tients with  pancreatic  cysts,  Lipuria  is  also  observed  in  cancer 
of  the  pancreas",  and  diabetes  mellitus  may  supervene.  The 
"pancreatic  reaction"  of  Cammidge  differs  from  Williamson's 
test  for  glycosuria  in  a  preliminary  treatment  with  acid,  whereby 
glycerin  is  changed  to  a  glycerose,  and  oxalic  acid  breaks  up  into 
formic  and  carbonic  acids.  It  is  suggestive,  though  not  patho- 
gnomonic, of  disease  of  the  pancreas. 

Cammidge-Saliroeder  Fanoreatlo  Teit. — Forty  c.c.  of  tbe  urine, 
littered,  acid  renetion,  tree  from  albumin  and  augur,  are  boiled  with  8 
I'.c.  of  strong  hydrochloric  acid  for  ten  minutes.  After  partly  cooling, 
B.O  gm.  of  lead  carbonate  are  gradually  added.  When  the  reaction  ib 
complete,  the  mixture  ia  chilled,  filtered,  and  10  c.c.  of  filtrate  diluted 
to  20  c.c.  with  diitilled  water,  litis  solution  ia  precipitated  with  2.() 
gm.  of  tribasic  lead  acetate,  filtered,  and  the  ezcesa  of  lend  in  solution 
removed  by  the  addition  of  2.0  gm.  of  sodium  sulphate,  bringing  tbe 
mixture  to  a  boil,  chilling  and  filtering  Ui  20  c.c.  'Ki  this  filtrate  there 
is  now  added  a.  mixture  of  phenj'lhydrazin  hydrochlorate  0,90  gm., 
Bodium  acetate  2,0  gm.  and  of  60  per  cent,  glacial  acetic  acid  1  cc, 
and  the  whole  is  boiled  on  a  sand  bath  for  ten  minutes.  The  aolution 
is  then  filtered  while  hot,  and  set  aside  to  crystallite.  Tbe  precipita- 
lioo  of  cryatah  (within  twenty-four  hours),  sometimes  only  in  ralcro- 
Bcopic  quaiititica,  of  the  characteristic  formation  of  osazone,9,  makes  a 
positive  reaction. 

The  following  precautions  must  he  ohacrved:  1.  The  urine  must 
not  contain  albumin  or  sugar,  and  must  he  fresh  and  filtered  clear. 
2.  Positive  reactions  must  l>e  verified  by  making  the  phenylhydraEin 
teat  for  free  sugar  in  tbe  urine.  using_  tbe  same  method  witbout  previous 
boiling.  Fehling'a  test  is  not  sufficiently  delicate.  The  aufiiciencj  of 
removing  sugar  by  previous  fermentation  has  not  been  proved.  3. 
Tribaaie  lead  aeeUte   (Fb(C3HsOi]i.2PbO)   must  b«  employed. 
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OSSEOUS,  ABTICULAB,  AlO)   COHSTITXTTIOHAL  DISEASES. 

The  urine  of  acute  articular  rheumatism  is  typically  pyrexial, 
with  high  color,  density,  and  acidity;  great  excess  of  urea,  sul- 
phates, and  urates,  and  diminished  chlorids.  Albuminuria  is 
slight  and  transient.  The  most  marked  feature  of  gouty  urine 
is  the  nearly  constant  reduction,  from  retention,  of  uric  acid  and 

Shosphates,  with  periodic  storms  of  excessive  excretion  imme- 
iately  following  acute  exacerbations.  This  condition  is  fre- 
quently associated  with  oxaluria  and  with  chronic  interstitial 
nephritis.  In  tuberculous  joint  disease,  with  abscess-fohnation, 
the  presence  of  albumosuria  may  aid  in  a  correct  diagnosis.  In 
gonorrheal  arthritis  careful  examination  of  the  urethral  secre- 
tions will  usually  reveal  the  gonococci.  Rachitis  and  osteoma- 
lacia are  both  distinguished  by  great  excess  of  earthy  phosphates ; 
chronic  articular  rheumatism  and .  diffuse  periostitis,  by  less 
marked  increase.  Fat  in  the  urine  is  commonly  observed  after 
fracture  of  the  long  bones,  and  the  return  of  the  earthy  phos- 
phates to  a  normal  daily  amount,  after  previous  excess,  is  a 
certain  indication  that  bony  union  is  complete.  Glycosuria  often 
obtains  in  acromegaly.  The  urine  of  lithemia  is  scanty,  sharply 
acid,  high  colored,  and  uratic  during  the  attacks.  There  is 
occasionally  slight  albuminuria,  with  cylindroids  and  hyaline 
casts.  The  lithemia  of  infants  is  manifested  by  a  deposit  of  red 
sand  on  the  diapers.  Muscular  rheumatism  is  sometimes  accom- 
panied by  oxaluria.  In  simple  atrophy,  or  marasmus,  the  urine 
is  often  milky  from  white  urates,  fat,  and  mucus,  and  albumin 
or  sugar  may  be  present.  Albumosuria  has  been  noted  particu- 
larly in  sarcomatosis  of  the  ribs,  sternum,  and  other  bones. 

KEEVOUS   DISEASES. 

Hysteria  is  noted  for  the  large  amount  of  watery  urine  (up 
to  5000  c.c.  in  twenty-four  hours)  which,  as  a  rule,  accompanies 
or  follows  the  seizure;  but,  on  the  other  hand,  there  may  be 
suppression  lasting  for  days.  Transient  polyuria  is  also  observed 
after  epileptic  fits,  attended  at  times  by  a  little  albumin.  In 
neurasthenia  the  urine  is  constantly  deficient  in  normal  solids. 
According  to  de  la  Tourette,  after  hysteric  attacks  the  urine  for 
twenty-four  hours  shows  diminished  total  solids  and  total  phos- 
phates, and  an  increased  ratio  of  earthy  to  alkaline  phosphates ; 
whereas,  after  an  epileptic  fit  the  total  solids  are  increased,  and 
the  relation  of  earthy  to  alkaline  phosphates  is  unchanged.  In 
melancholia  the  urine  is  often  deficient  in  quantity,  and  of  high 
sp.  gr.  Indoxyl  is  generally  increased  in  melancholia  and  acute 
myelitis. 

Oxaluria  is  apt  to  show  itself  clinically  by  intestinal  dys- 
pepsia, lumbar  aching,  and  nervous  irritability  and  depression. 
Phosphaturia  is  a  frequent  accompaniment  of  nervous  debility. 
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In  chorea  we  find  an  increase  both  of  urea  and  of  phosphates. 
Migraine  is  marked  toward  the  close  of  the  attack  by  an  abun- 
dance of  uric  acid  and  allied  products.  Glycosuria  is  of  com- 
mon occurrence  in  medullary  lesions.  Surgical  shock,  particu- 
larly when  due  to  rectal  or  genitourinary  operations,  is  Ukely  to 
be  joined  with  urinary  suppression  or  retention.  Retention, 
usually  with  overflow,  is  usually  present  likewise  in  organic 
spinal  lesions.  In  meningitis  and  other  high-grade  nerve-inflam- 
mations the  earthy  phosphates  are  greatly  in  excess.  The  urine 
of  meningitis  tends  to  paleness,  alkalinity,  and  marked  deficiency 
nf  chlorids.  The  three  forma  of  diabetes— insipidus,  mellitus, 
and  phoaphatic — have  already  been  mentioned. 

TOXSKZAS  OF  PBEGHABCY. 

In  eclampsia  (Williams)  the  total  amount  of  N  is  greatly 
diminished,  while  the  ammonia  coefficient  remains  practically 
normal.  In  vomiting  (acute  yellow  atrophy),  on  the  contrary, 
in  spite  of  scanty  urine,  the  amount  of  total  N  remains  approxi- 
mately normal,  while  the  ammonia  coefficient  is  wonderfully  ele- 
vated (from  the  normal  3  or  5  per  cent,  to  as  high  as  46  per 
cent,  of  total  N). 

SKur  AFFBCTIOIIS. 

Obviously  a  study  of  the  urine  is  not  often  needed  in  skin 
diseases  proper,  so  far  na  concerns  diagnoslB,  yet  in  seeking  the 
primary  cause  we  shall  sometimes  get  valuable  points  concern- 
ing defective  metabolism  and  autointoxication.  Eczema,  pso- 
riasis, and  a  number  of  other  disorders  seem,  from  the  urine, 
to  be  forms  of  lithemia.  Hematuria  is  frequent  after  severe 
bums  and  occurs  occasionally  in  Raynaud's  disease. 

aiTBGICAL  CONDITIONS. 

Abdominal  tumors  may  and  often  do  give  rise  by  pressure 
to  albuminuria.  The  occurrence  of  melaninuria  is  nearly  patho- 
gnomonic of  melanotic  growths.  In  perirenal  and  perivesic  in- 
flammation the  nuclei  of  the  cells  from  these  sites  are  often 
multiple.  Internal  pua-formation  in  any  part  of  the  body  is 
indicated  by  albumosuria,  the  later  disappearance  of  which  shows 
that  the  absceea  has  discharged  externally  or  is  encapsulated. 
The  resorption  of  hemorrhagic  exudations  is  revealed  by  hemo- 
globinuria. A  considerable  relative  increase  of  urinary  nitrogen 
over  phosphoric  oxid  is  said  to  be  a  sign  of  malignancy. 

UBnrABT  OALOUIJ.  ' 

Primary  calculi  (uric  acid,  calcium  oxalate,  calcium  carbo- 
nate, cystin,  xanthin)  are  formed  in  unchanged  urine.  Second- 
ary' calculi  (ammonium  urate,  phosphates,  urostealith)  form  in 
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decomposed  urine.  Compound  calculi  contain  layers  of  dif- 
ferent substances.  The  nucleus  (mucus,  epithelium,  foreign 
body)  and  the  outer  portion  of  the  stone  should  be  examined 
Bcparately. 

The  smaller,  irregular  coueretions  are  usually  from  the  kid- 
ney body  or  pelvis ;  the  larger  ones,  from  the  bladder.  Urethral 
'calculi  are  oblong  or  cylindric.  Prostatic  concretions  usually 
have  a  laminated  nucleus  of  amyloid  corpuscles,  enclosed  within 
a  shell  of  phosphates.  Concretions  forming  in  alkaline  urine 
have  a  crust  of  phosphates,  chiefly  on  the  body  of  the  stone.  Am- 
monium urate  is  the  chief  constituent  of  calculi  in  infants;  uric 
acid,  in  young  adults;  calcium  oxalate  or  uric  acid,  in  elderly 
subjects.  Spontaneously  exfoliated  fragments  of  a  tumor  are 
often  encrusted,  and  so  obficured. 


DlfFBBEKTIATIOS  OF  UBIITABT  CALCITIJ. 

Heat  a  portion  of  the  powdered  concretion  on  platinum -foil. 

I.  The  powder  burns; 

1,  Without  a  flame; 

Uric  acid:    murexid  tCBt;   no  NHj  odor  on  treating  with  KHO; 

over  three-fourths  of  oases;  reddish  or  jellow-brown  and  tuber- 

eulated. 
Ammonium  urate:    murexid  testj  strong  odor  of  NHg  on  treating 

with    KHO    (use   red   litmuB-pnper   in   mouth   of   tube);    light 

gra^l  infancy. 
Xantbin :    yellow  residue  on  evaporating  with  HNO3  turns  orange 

with  KHO,  red  on  warming;  very  rare.     Soluble  in  dilute  (1:2) 

HCl. 

2.  With  a  flame: 

Cystin:    transient,  pale-blue  flame;   sharp  odor;   powder  dissolved 

in  ammonia  yields  six-sided  plates  on  evaporation. 
Urostealith:    steady  yellow  flame  with  odor  of  resin  j  fatty  and 

soluble  in  alcohol  or  ether;  soft,  friable,  brown  or  yellow. 
Fibrin:    steady  yellow  flame  with  odor  of  burnt  feathers;  insoluble 

in  alcohol  or  ether,  soluble  in  hot  KHO;   may  contain  eryatals 

of  hematoidin. 

II.  The  powder  does  not  burn.    Treat  with  HCh 

1.  EfTervescea  =  calcium  carbonate;  smalt,  smooth,  spheric,  gr»y  or 

bronw;  very  rare  10  humans, 

2,  Does  not  effervesce: 

Effervesces  on  beating  gently  with  HCl  :=  calcium  oxalate:  very 
bard  and  brittle — large,  dark,  rough,  "mulberry"  calculi,  or 
email,  smooth,  rounded,  dark-gray  "hemp-seed"  calculi ;  often  in 
alternating  layers  with  uric  acid,  and  sometimes  erusted  with 
phosphates. 

Odor  of  NHn  on  treating  with  KHO  =  triole  and  earthy  phos- 
phates: soluble  in  acetic  acid  (iron  phosphate  gives  residue  ot 
yellowish  flakes),  and  fusible;  alkaline  urine;  gray-white  and 
friable. 

Faint  or  no  odor  of  NH3  on  treating  with  KHO  =  earthy  phos- 
phates: chalky,  rounded,  or  irregular;  alkaline  urine  of  elderly 
persons. 

Insoluble   in  HCl   ^  silica:     very   rare,   as   are   also   blue   indigo 


I 


Corrosive  poisoning  in  general  is  attended  by  scantiness  or 
stippreBBion  of  the  urine,  and  the  sanie  is  true  of  arsenic  and 
belladonna  in  toxic  doses.  In  acute  phosphorus  poisoning  the 
urine,  if  not  suppressed,  is  bloody,  fatty,  and  albuminous,  and 
contains  brown,  granular,  and  fatty  easts  and  cells,  and  crystals 
of  leucin  and  tyrosin.  Turpentine,  cantbaris,  and  other  renal 
irritants ;  ilhiminatine  gas,  arsenious  vapors,  co8l-tar  derivatives, 
and  other  corpuscle-destroying  agents  frequently  give  rise  to 
hematuria  or  hemoglobinuria.  The  blackish -green  color  (devel- 
oped on  standing,  due  to  glycuronate  of  hydroquinone  and  pyro- 
catechin)  of  the  urine  and  characteristic  odor  of  carbolic  acid 
are  highly  suggestive  of  poisoning  by  this  drug,  which  ia  not 
seldom  the  result  of  its  free  and  careless  topic  use.  Mineral 
sulphates  are  early  diminished  (little  or  no  reaction  with  BaClj) . 
and  conjugate  sulphates  much  increased.  Suppression  of  urine 
is  a  very  dangerous  sign  in  mercurial  poisoning, 

Teit  for  PyTocalechln  in  Carbolnrla. — Add  dilute  FeClg.  The 
green  color  which  appears  is  changed  to  violet  on  adding  a  little  tar- 
tkTlc  acid,  then  ammonia.  On  acidulating  with  acetic  acid,  the  green 
hue  reappears. 

Indophenol  (PaTamldophenol)  Beactlon  (Qlven  by  Acetanllld, 
Pheoacetln  and  other  ?benetidin  Derivatives). — To  about  10  c.c.  ot 
urine  add  V,  Kb  volume  of  cone.  HCI-.  allow  tn  cool;  add  y„  volume  of 
5  per  cent,  phenol  and  a  few  drops  of  K2CraOi  Bolution,  getting  a  red 
color;  add  ammonia,  turning  blue. 

Chronic  mineral  poisoning  is  characterized,  as  a  rule,  by 
scanty  urine  and  deficient  urinary  solids.  Albuminuria  is  fre- 
quent, and  chronic  interstitial  nephritis  is  a  not  uncommon 
sequel.  The  detectioo  of  lead,  mercury,  arsenic,  copper,  etc., 
in  the  greatly  concentrated  and  osidized  urine  furnishes  incon- 
trovertible evidence  of  the  causa  morbi.  This  test  is  most  cer- 
tain when  preceded  by  the  administration  of  potassium  iodid 
for  several  days. 

T«it  for  Anenlo  in  Urine  (Holland). — Evaporate  to  dryness,  add 
HaSOf  containing  >^  ita  volume  of  HNO3,  and  he&t  residue  until  dense 
white  fumes  are  given  olT.  Extract  charred  materials  with  boiling 
water,  concentrate  solution,  and  introduce  into  Marsh  apparatus. 

UTTESTIOSS   ON  CLINIC   CHSMIBTST. 

1.  now  may  a  milk  have  been  skimmed  and  watered  and  yet 
■how  a  normal  sp.  gr.  I 

2.  Explain  how  the  amount  of  free  gas  in  the  urcometer  may  be 
greater  at  first  than  after  standing  fifteen  or  twenty  minutes. 

3.  Write  equation  for  reaction  between  uric  acid  and  ditodio 
hf  drie  phosphate. 

4.  Explain  formation  of  bubbles  sometimes  noticed  in  the  nitric 
acid  test  for  albumin. 

5.  How  prove  by  the  urine  that  n  patient  has  been  talcing  bromids 
or  lodidsT 
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6.  Why  is  the  appearance  of  leucin  and  lyrosin  accompanied  by 
a  marked  reduction  of  urea? 

7.  Why  do  K  salts  exceed  Na  salts,  reversing  the  normal  ratio, 
in  urine  during  starvation? 

8.  What  effect  does  drinking  lemonade  have  on  urinary  acidity? 

9.  Is  lithemic  urine  likely  to  be  more  irritating  in  summer  or  in 
winter  ? 

10.  What  is  the  significance  of  freshly  passed  ammoniacal  urine? 

11.  What  object  in  adding  HNO3  before  AgNOs  in  determining 
chlorids  ? 

12.  What  information  does  the  urine  furnish  concerning  digestion? 

13.  A  drop  of  urine  containing  globulin  shows  an  opalescent  trail 
when  dropped  into  distilled  water.    Explain. 

14.  How  determine  the  amount  of  acid  salts  in  gastric  juice? 

15.  Name  five  drugs  whibh  taken  internally  may  give  a  color  to 
the  urine  like  that  of  blood. 

16.  Why  does  blood  from  the  kidney  render  the  urine  smol^? 

17.  If  one  gets  an  albumin-like  ring  which  disappears  on  neating, 
what  is  it? 

18.  Explain  the  color-changes  in  the  copper  reduction  testa  for 
sugar. 

19.  What  are  the  most  certain  evidences  of  kidney  disease? 

20.  How  diagnose  renal  insufficiency? 

21.  Write  equation  for  the  alkaline  fermentation  of  urine. 

22.  In  what  disease  is  the  sp.  gr.  abnormally  high  with  increased 
quantity  of  urine?    Explain. 

23.  In  what  diseases  are  the  sp.  gr.  and  quantity  of  urine  both  at 
times  abnormally  low?     Explain. 

24.  What  is  the  clinic  significance  of  indicanuria? 

25.  Mention  five  points  of  distinction  between  a  sediment  of  urates 
and  one  of  phosphates. 

26.  Explain  the  relation  of  the  night  excretion  to  the  fact  that  the 
urine  is  especially  acid  mornings. 

27.  What  change  does  the  urine  of  acute  rheumatism  show  when 
pericarditis  supervenes? 

28.  Why  does  ammoniacal  diabetic  urine  not  react  well  to  the 
copper  tests? 

29.  What  kind  of  sugar  is  usually  found  in  diabetic  urine? 

30.  Explain  greenish-blue  discoloration  noted  in  acetic  acid  and 
ferrocyanid  test  for  albumin  on  standing. 

31.  Why  should  a  meat  diet  predispose  to  lithuria,  and  a  car- 
bohydrate diet  to  oxaluria? 

32.  How  may  a  uric  acid  renal  calculus  become  coated  with 
phosphates  in  the  bladder?  < 

33.  Why  is  the  odor  of  urine  intensified  on  warming  or  by  adding 
a  mineral  acid? 

34.  Why  must  the  milk  and  the  gastric  juice  be  exactly  neutra- 
lized in  testing  for  chymosin? 

35.  Explain  principle  of  sp.  gr.  test  for  urea. 

36.  How  may  excess  of  indican  give  a  deceptive  greenish  appear- 
ance with  Gmelin's  test  for  choluria? 

37.  How  could  you  distinguish  a  levorotatory  action  of  the  urine 
due  to  levulose  from  that  depending  on  proteins,  cystin,  glycuronic  or 
oxy butyric  acid,  ete.? 

38.  How  would  you  treat  a  sediment  composed  chiefly  of  urates 
in  order  to  render  the  formed  elements  visible  under  the  microscope? 

39.  How  could  you  distinguish  a  chylous  urine  from  one  to  which 
milk  had  been  added? 

40.  Why  does  diabetic  urine  become  quickly  opalescent? 

41.  How  remove  albumins  before  testing  for  albumoses  and  peptons 
in  gastric  juice? 


QUESTIONS.  (JOB 

42.  now   ma;    urinary    nnalysis    aid    in    the    early    dt&gnoBia    of 
mcBBles  T 

43.  Piirdy's  teat  with  a  certain  urine  shows  8,8  per  cent,  sugar; 
polsrixation,  9.3  per  cent.     Explsin. 

44.  If  a  certain  urine  had  a  fruity  odor,  later  becoming  alcoholic, 
what  would  you  euspectr 

45.  Why  should  the  proportion  of  ammonia  be  determined  in  fresh 


e  often  c 


tain  a  reducing  subBtance  after 
i-olatile   fatty  acida  be  obtained 
ineT 


46.  Why  does  the  i 
the  administration  of  lin 

47.  Why  can   larger   amounts  o 
from  decompoaing  tlinn  from  freah  ur 

4S.  What  ia  the  most  certain  U 

49.  Would  oiybutyric  acid  be  t 
or  a  stule  urinary  apccinen? 

50.  What  effect  baa  the  a  dm  in  i  strati  on  of  large  doaes  of  alkaliea 
or  substances  forming  carbonatea  upon  urinary  transparency! 

61.  What  relation  does  disease  of  the  liver  bear  to  the  amount  of 
urea  in  the  urineT 

52.  A  strip  of  filter-paper  moistened  with  a  few  drops  of  NaHO 
and  a  drop  of  PhfCzHjOnlj  solution,  clamped  in  the  neck  of  a.  bottle 
of  urine,  turns  black.    What  ia  present! 

53.  What  sort  of  diet  is  indicated  in  acetonurial 

54.  Why  does  the  colorless  solution,  in  Purdy's  quantitative  test 
for  sugar,  turn  blue  again  on  cooling! 

55.  What  ^nthetic  reaction  may  take  place  in  the  kidneys! 

56.  How  prove  urine  to  be  ammoniacalT 

67.  How  prevent  deceptive  development  of  gas  in  non-glycosurie 
urines  with  yeust  test! 

5S.  About  what  ratio  dues  the  amount  of  urea  in  normal  urine 
bear  to  uric  acid! 

6S.  The  quantity  of  urine  being  insufficient  for  the  urinometer, 
how  could  you  determine  the  sp.  gr.! 

GO,  What  effect  should  the  administration  of  alksHea  have  upon 
the  urinary  excretion  of  ammonia  and  urea ! 

61.  How  detect  by  the  urine  that  a  person  is  a  morphin  "fiend"! 

62.  On  what  various  factors  does  diabetes  meltitus  depend! 

63.  How  may  the  ingestion  of  glycerin  give  rise  apparently  to 
glycosuria! 

64.  }Iow  would  you  difTerentlate  between  a  phosphatic  and  a 
glycoauric  reaction  in  uaing  the  copper  reduction  test! 

65.  How  mi^t  earthy  phoaphatea  be  mistaken  for  albumin  in  the 
urine,  and  in  what  way  would  you  diatinguish  between  the  two! 

66.  Why  does  the  sp.  gr.  of  the  urine  lessen  on  fermentation ! 
07.  What  protein  ia  present  in  normal  urine! 

68.  How  does  the  character  of  the  toam  on   shaking  a  bottle  of 
e  give  evidence  of  the  presence  of  sugar,  bile  or  albumin! 

69.  What  effect  have  ingested  cereals  on  the  quantity  of  phos- 
phates in  the  urine! 
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SOLUBILTTT   OF   GOlflfON   DbU08   AND   CHKMIGArB    AT    15®    C. 

Explanation.— 6.  =  lolable;    ins.  =  iniolablo;   f.    m,,    r.    m.,    and    sp.  =  tntitj 
yerjf  sparingly  soluble;  aim.  =  almost;  mis.  =  miaeible;   dec  =  decomposed. 


Acacia     

Acetanilid    

Acetozone  

Acidi  benzoic    

boric    

cacodvlic    . . . 

Carbolic    .... 

cinnamic    . . . 

citric    

gallic    

oleic    

oxalic    

salicylic    

sulphanilic    . 

tannic    

tartaric     

trichloracetic 


«« 

(( 
tt 
t( 
(i 
«* 

n 
it 
(( 
(( 
ti 
ti 


i( 


«< 


it 


Aloin  

Alum 

"      burnt    

Ammonium  benzoate    

"  bromid    

'*  carbonate    

**  chlorid    

iodid    

valerianate , 

Amylene  hydrate    , 

Antimony  and  potassium  tartrate 

oxid    

An  ti  pyrin   (phenazone)    

Apiol  

Apomorphin  hydrochlorate 

Aristol    

Arsenic  iodid 

Arscnous  oxid  

Asafetida    

Aspidospermin    

Atropin     

**        sulphate    , 

Balsam  of  copaiba  

"  Peru    

"  Tolu    

Benzonaphtol     


1 

200 

1000 

500 

25 

8. 

20 

▼•  8p. 

0.75 
100 


10 
450 

182 

6 

0.7 

f.  8. 

60 

10.5 

20 

5 

1.5 
4 
3 
1 

V.  8. 

8 

17 

ins. 

1 

ins. 

6.8 

ins. 

3.5 

30  to  80 

emuls. 

sp. 

600 

0.4 

ins. 

aim.  ins. 

aim.  ins. 

ins. 
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ins. 
10 

3 
15 

8. 
V.  8. 

8. 
1 

4.5 

8. 

2.5 
2.5 

0.6 
2.5 

f.  8. 

25 

ins. 

ins. 

28 

150 

dec. 

1.5 

9 

V.  s. 

5 

ins. 

ins. 

1 

8. 

50 

8p. 

10 

8p. 

60,^ 
0.3 

V.  8. 

6.5 
10 
5 

▼.8. 
8. 


((tlO) 
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SoLUBiOTY  OF  COMMON  Dbugs  AND  CHEMICALS  AT  15**  C.  (Continued). 

Explanation.— 6.  =  soluble;    ins.  =  insoluble;    f.    s.,    y.    s.,    and   sp.  =  freely, 
yery,  sparingly  soluble;  aim.  =  almost;  mis.  =  mlsclble;  dec.  =  decomposed. 


Benzosol   

Berberin   sulphate    

Bismuth  and  ammonium  citrate   . . 

"       citrate    

"       subcarbonate     

"       subnitrate    

Bromoform    

Caffein    

"       citrate 

Calcium  bromid   

"        carbonate     

chlorid    

"        glycerinophosphate    

"        hypophosphite 

**        lactophosphate   

"        phosphate    

"        sulphate    

Camphor     

"         monobromated 

Cerium  oxalate 

Chalk    

Chloral  hydrate    

Chloralamid    

Chloralose    

Chloretone    

Chloroform     

Chromic  oxid    

Chrysarobin     

Cinchonidin  sulphate   

Cinchonin  sulphate    

Cocain  hydroctilorate   

Codein     

Colchicin     

Coniin    

Copper  acetate    

"       arsenite    

"       sulphate    

Cotarnin  hydrochlorate    (stypticin) 

Creolin    

Creosote    

"         carbonate 

Dermatol    

Diabetin  (le^nilose)    

Digitalin     

Digitoxin    

Dionin     

Diuretin    , 

Elaterin    

Ergotin     

Ethyl  bromid 

"      iodid    

Eucain,  alpha-   


Water, 

Aloohqi«. 

Pabts. 

Parts. 

ins. 

8. 

8. 

8. 

V.  8. 

8p. 

ins. 

ms. 

ms. 

ins. 

ms. 

ms. 

300 

V.  8. 

80 

33 

25 

0.7 

1 

ms. 

ins. 

1.5 

8 

B. 

aim.  ins. 

7 

ins. 

8. 

ms. 

ms. 

ins. 

400 

ins. 

1300 

f.  s. 

aim.  ins. 

V.  8. 

ms. 

ins. 

ms. 

ms. 

V.  s. 

V.  8. 

10 

2.5 

170 

f.  8. 

100 

V.  8. 

200 

V.  8. 

V.  s. 

dec. 

sp. 
100 

sp. 
70 

70 

6 

0.5 

3.5 

80 

V.  8. 

8. 

8. 

2 

2 

15 

135 

sp. 

2.6 

ins. 

8. 

8.' 

(mis.2}?&) 

8. 

150 

V.  8. 

ms. 

8. 

ins. 

ins. 

8. 

sp. 

ins. 

f.8. 

ins. 

8. 

7 

2 

0.5 

ins. 

337 

8. 

ins. 

8. 

ins. 

8. 

10 

3 

612 
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SoLUBLLiTT  OF  CoMifON  Dbuos  AND  CHEMICALS  AT  15°  C.  (Continued), 

Explanation.— s.  =  soluble;    ins.  =  insoluble;    f.    s.,    y.    8.,    and   sp.  =  freely, 
very,  sparingly  soluble;  aim.  =  almost;  mis.  =  miscible;  dec.  =  decomposed. 


Eucain,  beta-  

Eucalyptol    

Euphorin    

Euquinin    

Europhen     

Ferric  and  ammonium  citrate 

**        **    potassium  tartrate 

"        "    quinin  citrate   

"        "     strychnin  citrate 

"      chlorid   

"     citrate    

"      hydrate    

"      hypophosphite    

*•      lactate    

"      phosphate    

**      pyrophosphate    

**     sulphate    

"      tartrate    

"     valerianate    

Fluorescein    

Formaldehyd    

Fuchsin    

Glycerin    

Gold  and  sodium  chlorid   . . . 

Guaiacol     

"         carbonate    

Heroin  hydrochlorate   

Holocain  hydrochlorate 

Homatropin  hydrobromate  . . 
Hydrastin  hydrochlorate  . . . . 
Hydrastinin  hydrochlorate  . . 

Hyoscin  hydrobromate    

Ichthvol    .' 

lodin     

Iodoform    

lodol    

Kairin     

Kryofin   

Lactophenin   

Lanolin    

Lime    

Lithium  benzoate   .  .• 

"         bromid    

"         carbonate    

"         citrate    

"         salicylate    

Losophan    

Lycetol    

Lysol    

Magnesium  carbonate   

oxid   

"  sulphate    


Water. 

AliOOHOU 

Pabts. 

Parts. 

28 

14 

aim.  ins. 

8. 

ms. 

8. 

sp. 

8. 

ms. 

•8 

V.  8. 

ms. 

V.  8. 

ms. 

8. 

ms. 

V.  8. 

sp. 

V.  8. 

V.  8. 

8. 

ins. 

ins. 

ins. 

sp. 
40 

ms. 

aim.  ins. 

V.  8. 

ms. 

V.  a 

ms. 

1.8 

ms. 

V.  s. 

ms. 

ms. 

f.s. 

8. 

V.  8. 

8. 

f.  8. 

f.  8. 

V.  8. 

sp. 

85 

f .  8. 

ins. 

sp. 

s. 

50 

6 

10 

133 

f.s. 

f.  s. 

1 

3 

4 

15 

V.  8. 

ms. 

6000 

10 

ins. 

80 

ins. 

3 

6 

20 

600 

f.s. 

500 

9 

mis.  2 

80 

750 

ins. 

4 

12 

V.  8. 

V.  8. 

80 

ins. 

2 

sp. 

V.  8. 

V.  8. 

sp. 

8. 

8. 

f.  mis. 

V.  8. 

aim.  ins. 

ins. 

aim.  ins. 

ins. 

1.6 

ins. 

SOLUBILITY. 
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Solubility  of  Common  Drugs  and  Chemicals  at  15°  C.  (Continued), 

Explanation.— s.  =  soluble;    ins.  =  insoluble;    f.    b.,    v.    b.,    and   sp.  =  freely, 
very,  sparingly  soluble;  aim.  =  almost;  mis.  =  miscible;  dec.  =  decomposed. 


*< 


*( 


(( 


ii 


tt 


Manganese  dioxid 

"         sulphate    

Menthol    

Mercuric  chlorid 

cyanid    

iodid  (red)    

oxid    

"         subsulphate    

Mercurol  (10  per  cent,  nuclein)    , 

Mercurous  chlorid   

"         iodid    ( green )    

Mercury,  ammoniated   

Mcthacetin  

Methvl  chlorid    , 

Methylene-blue    

Morphin  acetate   

hydrochlorate    , 

sulphate    

Naphtolin 

Xaphtol,  beta-  

Xoftophen    , 

Oils,   fixed    

"      volatile    

Orexin  hydrochlorate , 

Orlhoform    

Pancreatin    

Paraldehvd  * 

Pelletierin   tannate    

Pepsin  

iPetrolatum  , 

Phenacetin    

Phenoooll  hydrochlorate    , 

Phosphorus    , 

Physostigmin   (eserin)   salicylate 

Picrotoxin    (cocculin)    

Pilocarpin  hydrochlorate    

Piperazin    , 

Piperin     

Plumbic  acetate   

iodid    

"         nitrate    

"         oxid    

Potassium  acetate    

and   sodium   tartrate 

bicarbonate    

bitartrate    

bromid 

carbonate     

chlorate     

citrate     

cyanid    

dichromate  


«( 


(( 


(( 


•( 


tt 


It 


tt 


tt 
tt 


Watek. 

Alcohol 

Pakts. 

Pahts. 

ins. 

ins. 

11 

ins. 

sp. 

V.  8. 

■ 

16 

3 

13 

15 

aim.  ins. 

130 

ins. 

ms. 

ins. 

ms. 

8. 

ms. 

ms. 

ms. 

aim.  ins. 

ins. 

ms. 

ins. 

530 

H. 

4  vol. 

35  vol. 

sp. 

50 

12 

68 

24 

63 

24 

702 

ins. 

15 

1000 

75 

ms. 

ms. 

ms. 

ms. 

V.  sp. 

f.  8. 

V.  8. 

V.  8. 

sp. 

ms. 

sp. 

ins. 

10 

8. 

700 

80 

100 

ins. 

ins. 

ms. 

1700 

20 

10 

ins. 

350 

150 

12 

240 

0 

V.  s. 

V.  8. 

V.  s. 

aim.  ins. 

30 

2.3 

21 

2000 

V.  sp. 

2 

V.  ap. 

ins. 

ina. 

0.4 

1.0 

1.4 

aim.  ins 

3.2 

aim.  ins 

200 

V.  sp. 

1.6 

200 

1 

ins. 

16.') 

V.  sp. 

0.6 

V.  sp. 

2 

sp. 

10 

ins. 
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Solubility  of  Common  Dbugs  and  Chemicals  at  15®  C.  (Continued). 

Explanation.— B.  =  soluble;    ins.  =  insoluble;    f.    s.,    y.    b..    and   sp.  =  freely, 
very.  Bparingljr  soluble;  aim.  =  almost;  mis.  =  miscible;  dec.  =  decomposed. 


Potassium  ferrocyanid   

'*         hydrate    

**         hypophosphite    . . . 

"      •  iodid    

"         nitrate    

**         permanganate    

"         sulphite    

"         sulphurated   

•tartrate     

Protargol  (8  per  cent.  Ag)    .. 

Pyoktanin-blue    

Pyridin   

Quinidin  sulphate    

Quinin     

"       bisulphate    

"       hydrobromate    

"       hydrochlorate   

"        sulphate     

"       valerianate    

Resins   

Resorcin    

Rubidium   iodid    

Saccharin   (garantose,  glusid) 

Salacetol     

Salicin     

Salipyrin    

Salol    

Salophen     

Santonin     

Scopolamin  hydrobromate    . . . 

Silver  lactate   

"      nitrate    

"      oxid   

Soap,  green    

Sodium  acetate    

"        arsenate     

"        benzoate     

"       bicarbonate    

"        bisulphite    

"       borate     (borax)     .... 

"        bromid     

"       cacodylate    

"        carbonate     

"        chlorate     

chlorid    

"        cinnamate    

hydrate     

"        hypophosphite    

"       hyposulphite 

iodid     

"        nitrate    

nitrite    


Watib. 
Pabts. 


AliOOHOL 

Pabts. 


4 

ins. 

0.5 

2 

0.6 

7.6 

0.8 

18 

4 

aim.  ins. 

18 

dec. 

4 

sp. 

f.s. 

sp. 

0.7 

aim.  ins. 

s. 

75 

12 

mis. 

1 

100 

8 

1670 

6 

10 

32 

54 

0.6 

34   . 

3 

740 

65 

100 

5 

ins. 

f.  8. 

2 

8. 

8. 

400 

30 

ins. 

15 

30 

60 

250 

V.  s. 

aim.  ins. 

10 

ms. 

V.  s. 

sp. 

40 

4 

15 

20 

0.8 

26 

V.  sp. 

IDS. 

5  hot 

2 

3 

30 

4 

V.  sp. 

1.8 

45 

12 

ins. 

4 

72 

16 

ins. 

2 

16 

s. 

1.6 

ins. 

1.1 

100 

2.8 

aim.  ins. 

s. 

1.7 

V.  8. 

1 

30 

1.6 

ins. 

0.6 

1.8 

1.3 

sp. 

1.5 

ins. 

ARITHMETIC  CONSTANTS. 
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SoLUBnjTT  or  Common  Dbuos  and  Chbmioalb  at  16°  C.  (Continued), 

Explanation.— 6.  =  Bolublo;   ins.  =  inioluble:    f.    a.,   y.    s.,    and   sp.  r=  freely, 
very*  sparingly  soluble;  aim.  =  almost;  mis.  =  miscible;  dec.  =  decomposed. 


Sodium  phosphate  

"       pyrophosphate 

'*       salicylate    

**       sulphate    

"       sulphite   

"       sulphocarbolate 

Strontium  bromid   .... 
iodid    


lactate    

Strychnin  sulphate 

Sugar,  cane-    .• . 

milk-    

Sulphonal 

Sulphur    

Suprarenal  extract   

Tannalbin     

Tannigen    

Terebene   

Terpin  hydrate    

Thallin   sulphate    

Thiocol    

Thiol   

Thjrmol   

Trional    

Turpentine   (rectified  oil)    

Uranium  nitrate    

Urethan    

Urotropin    ( formin)    ^ . . . . 

Veratrin     

Xeroform  ( tribromphenol  bismuth) 
Zinc  acetate    

bromid    

carbonate    

chlorid    

iodid    

oxid    

phosphid     

sulphate    

sulphocarbolate    

valerianate     


<( 


(i 


it 


»( 


(« 


t( 


Water. 
Pabts. 


6 

12 
1.5 

2.8 

4 
6 

V.  B. 
V.  8. 

4 

31 
0.5 

6 
450 
ins. 
f.  8. 
ins. 
ins. 
ins. 
250 

7 

8. 

mis. 
1200 
320 
ins. 

8. 

1 

8. 

sp. 

ins. 

3 

V.  8. 

ins. 
0.5 

V.  8. 

ins. 
ins. 
0.6 
5 
120 


AliOOHOL. 

Pabts. 


ins. 
ins. 

6 
ins. 

sp. 
150 

V.  8. 

V.  8. 
8. 

60 

175 

ins. 

50 

ins. 

ins. 

8. 

1 

10 
100 
sp. 
sp. 

8. 

3 

8. 

0.6 
sp. 
3 
ins. 
36 

V.  8. 

ins. 

1 
V.  a. 
ins. 
ins. 
ins. 

5 
40 


ABTTHHETIC  CONSTANTS. 

1  Barrel   (U.  S.)  =31%  gallons=  119.2  liters. 

1  Bushel  (U.  S.)  =2150.42  cubic  inches  =  32  quarts  =  35.243  liters. 

1  Calorie  =  2.2  thermal  units  =  425.5  kilogrammeters  =  425,500  gram- 
meters  =  3077.6  foot-pounds  =  1.54  foot- tons. 

1  Centimeter  ^  ^00  meter  =  0.3937  inch. 

1  Cubic  Centimeter  =  Mooo  liter  =16.23  minims  =  0.061  cubic  inch  — 
weighs  1  gram  at  4^  C. 
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Cubic    Foot  =1728    cubic    inches  =  28316.085    cubic    centimeters  — 

water  weighs  62.32  lbs.  avoirdupois  at  62**  F. 
Cubic  Inch  =  266  minims  =  16.386  c.c.  —  water  weighs  252.46  grains 

or  16.372  grams. 
Cubic  Meter   (stere)  =1000  liters  =  35.315  cubic  feet. 
Dram    ( Troy,  or  Apothecary )  =  60  grains  =  3.888  grams. 
Fluidram  =  60  minims  =  3.696  cubic  centimeters. 
Fluidouncc      (imperial)  =  28.4     c.c.  =  1.7329     cubic     inches  —  water 

weighs  4371/^  grains  at  62**  F. 
Fluidounce    (U.   S.  wine  measure)  =8  drams  =  480  minims  =  29.57 

c.c.  =:  1.8047  cu.  in.  —  water  weighs  456  grains  or  29.57  grams. 
Foot  =12  inches  =144  lines  =  0.30479  meter. 
Foot-pound  =  0.138  kilogrammeter=  13.56  megacrgs. 
Gallon  (imperial)  =  277.27  cubic  inches  =  4.543  liters  —  water  weighs 

10  pounds   (70,000  grains). 
Gallon    (wine)  =8    pints  =  231    cubic    inches ^3.785    liters  —  water 

weighs  8.34  pounds  (58,328  grains). 
Gallon  (solid)  =268.8  cubic  inches. 
Grain   (Troy)  =0.0648  gram. 

Gram  =  15.4323  Troy  grains  =  weight  of  1  c.c.  of  water  at  4**  C. 
Inch  =  12  lines  =  2.54  centimeters. 
Kilogram  ^  1000  grams  =  32.1  Troy  ounces  =  2.2046  avoirdupois 

pounds  =  weight  of  a  liter  of  water. 
KJlogrammeter  =  7.233  foot-pounds. 
Liter  =  a  cubic  decimeter  =  1000  c.c.  =  33.8  fluidounces  =  1.056  wine 

quarts  =  61.027  cubic  inches. 
Meter  =  3.28086  feet  =  39.37043  inches  =^  about  one  forty-millionth 

of  earth's  meridian. 
Millimeter  =  1000  micromillimeters  =  Kooo  meter  =  0.0393  inch 

( about  %6  inch ) . 
Minim  =  0.0616  c.c.  —  water  weighs  0.95  grain  —  equals  2  drops   of 

tincture. 
Ounce  (Trojr)  ^  480  grains  =  31.1  grams. 
Ounce  (avoirdupois)  =  437.5  grains  =  28.36  grams. 
Pint  (imperial)  =  20  fluidounces  =:  567.93  cubic  centimeters. 
Pint  (U.  S.  wine)  =16  fluidounces  =  473.179  cubic  centimeters. 
Pound  (Troy)  =  12  ounces  =  5760  grains  =  0.37324  kilogram. 
Pound  (avoirdupois)  =16  ounces  =  7000  grains  =  0.45359  kilogram. 
Quart    (imperial)    :=  40  fluidounces  =  69.97  cubic  inches  =  1.1358 

liters. 
Quart  (wine  measure)  =  32  fluidounces  =  58.3  cubic  inches  ^:0.9463 

liter. 
Square  Foot  =144  square  inches  =  0.0929  square  meter. 
Square  Meter  ^  10.7641  square  feet. 

Thermal  Unit  =  0.45  calorie  =  1390  foot-pounds  =  0.695  foot- ton. 
Ton    (avoirdupois)  =2000  pounds  =  29,167  Troy  ounces  =  907.2  kilo- 
grams. 
Tonneau  =   1,000,000   grams   =   1000   kilos   =   2204.6   avoirdupois 

pounds. 
Yard  =  3  feet  =  36  inches  =  0.9144  meter. 


EQUATIONS  OF  MANTJFACTITBING  CHEJOSTET. 

Aluminum. 
Chlorid    4AI2O3  -f  I2CI2  +  3C2  (at  red   heat)  =  4Al2Cle  + 

6CO2 
Hydrate K2AI2  ( SO4 )  4.24H2O  -f  NaoCOa  =  A12(H0)a  -f 

Na2S04  +  K2SO4  +  CO2  +  2H2SO4  +  I9H2O 
Potash  Alum   H2Al2Si208  (shale)  H- 3H2SO4   (hot)  +  K2S04  = 

AI2K2  ( SO4 )  4  +  4H2O  +  2Si02 
Sulphate    Al2(H0)6  +  3H2SO4  =  Al2( 804)3  +  6H2O 
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Ammonium. 
Ammonia    ( for   me- 
dicinal purposes)  .2NH4CI  +  Ca  (HO)  o  =  CaClo  +  2NH3  +  2H2O 

Bromid    NH4OH  -f  HBr  =  NH4Br  +  H2O 

Carbonate   2(NH4)2S04  +  2CaC03  (heated  in  iron  retort)  = 

NH4HCO3.NH4NH2CO2  (official  carbonate)  + 

NHg  +  H2O  H-  2CaS04 
Chlorid    NH4OH    (ammoniacal    water  from  gasworks)    -|- 

CaO  =  NHo  H-  Ca(H0)2.     NHg  H-  Ha  = 

NH4CI 

lodid    NH4OH  +  HI  =  NH4I  +  H2O 

Nitrate    HNO3  H-  NH4HO  =  NH4NO3  +  H2O 

Sulphate    2NH4HO  -  (ammoniacal  gas  liquor)    +  H2SO4  = 

(NH4)2S04H-2H20 
Antinionium. 

Chlorid    Sb2S3  +  6HC1  =  2SbCl8  (solution)  +  3H2S 

Oxid   4SbCl3.r)Sb406  -f  0Na2CX>3  =  12Sb203  +  12NaCl 

+  6CO0 

Ox>chlorid    24SbCl3  +  3OH2O  =  4SbCl8.5Sb406  +  60Ha 

Tartrate  of  Anti- 
mony and  Potas- 
sium   4KHC4H40e  +  Sb40o  =  4KSbOC4H406  +  2H2O 

Arsenum. 

lodid    As-h  I3   (rubbed  together  and  sublimated)  =  Asis 

Oxid   As2  (ores  containing  As)  +  O3  (roasted  in  air)  = 

A82O3 
Barium. 
Chlorid    BaS04 -f  4C    (fusing)    =  BaS  -f  4C0.     BaS  + 

2HC1  =  BaCU  +  H2S 
Hydrate    . . .  .^ BaCOj   (heated  in  current  of  water)    -f"  H2O  = 

Ba(HO)o-f  CO2 

Nitrate    BaCOa  +  2HNO3  =  Ba  (N03)2  +  CO2  +  H2O 

Oxids    Ba(N03)2  (heated  in  iron  crucible  till  red  fumes 

cease )  =  BaO  -f  N2O5 
BaO  4-  O  (heating  in  a  stream  of  dry  air  or  0  at 

450''   C.)  =Ba02 
Bismuth. 
Subcarbonate    2Bi  ( NO3 ) 3  -}-  Na2C08  -\-  H2O  =  ( BiO ) 2CO8.H2O  + 

2HNO2  +  2HNO3  -f  2NaN0o 
Subnitrate    Bi (N03)3  +  2H2O  (4  parts  cold,  then  21  boiling) 

=  BiON03.H20  -t-  2HNO3 
Boron. 

Trioxid    2H3BO3  (heated  to  redness)  =  B2O3  +  3H2O 

Calcium. 

Bromid    2HBr  -j-  Ca(X)8  =  CaBro  H-  CO2  +  H2O 

Carbid    CaO  -f  3C  (heated  in  electric  furnace)  =CaC2  + 

CO 

Carbonate    NaoCOg  -f  CaCl2  =  CaCOs  H-  2NaCl 

Chlorid    2I1C1  -f  CaCOg  (marble)  =  CaCl2  +  CO2  +  H2O 

Hvpochlorite    Ca(H0)2  +  Cl2  =  CaOCl2  +  HoO 

Ilvpophosphite    .  ...3Ca(nO)2  H-  2P4  -f  6H0O   ( warmed  to  40' )  =3Ca. 

(ll2P02)o-f  2H3P" 

Oxid   CaCOs  "(burned)  =  CaO  +  CO2 

Phosphate   3CaClo  +  2NH4OH  -f  2Na2HP04.12H20  =  Ca.- 

(P04)2  4-  2NH4CI  +  4NaCl  4-  26H2O 

Snlphid    CaS04  +  2C   (charcoal  heated)  =  CaS  +  2CO2 

Cnrljon. 
Dioxid    CaCOa    (marble-dust)    4-  2HC1  =  CaCU  4-  HoO  4" 

CO2 
Disulphid    C  (charcoal)  4-  S2  (heat  to  redness)  ==  CS2 
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Cerium. 

Oxalate    CcgCle  +  3  (NH4)2C204  =  Ce2  (0204)3  +  6NH4CI 

Chromium. 

Sesquioxid    K2Cr207  +  S  ( heat)  =  K2SO4  +  Cr208 

Trioxid    KgCrgOj  +  2H2SO4  =  2Ci<)i  +  2KHSO4  +  H2O 

Copper. 

Arsenite   CUSO4  +  KHgAsOs  =  CiiHAsOs  +  KHSO4 

Nitrate    3Cu  +  8HN08  =  3Cu(N08)2  +  N2O2  +  4H2O 

Oxid    CUSO4  +  2KHO  =  Cu(HO)2  +  K2SO4 

Cu(H0)2  fboiled)  =CuO  +  H20 

Sulphate    CuO  H-  H2SO4  =  CUSO4  +  H2O 

Gold. 

Chlorid    Au  +  Cls  ( nitrohydrochloric  acid)  =  AuClj 

Hydrogen. 

Arsenate    A92O8  +  2EU0  +  2HNO3  =  2H3Aa04  +  N2Q8 

Bromid    3KBr  H-  II8PO4    (heated  together)    =  3HBr  + 

K8PO4 

Chlorid    2NaCl  +  H2SO4  =  Na2S04  +  2HC1 

Cyanid    K4Fe(CN)e   +   6H2SO4  =  6HCN   H-   FeS04   + 

4KfiS04 

Dioxid    ^Ba02  +  2HF;=H202  +  BaF2 

Fluorid    CaF2  +  H2S04  =  CaS04  H-  2HF 

lodid    2I2  +  2H-S  4-  H20  =  4HI  +  So  +  HjO 

Lactate    C  a  (C3H503)2  +  H2C2O4  =  2HC8H608  +  CaC204 

Nitrate    KNO3  +  H2SO4  =  HNOg  +  KHSO4 

Orthohorate    Na2B407  H-  2HC1  +  SHgO  =  4H3BO3  H-  2NaCl 

Phosphate   3P  +  6HNO3  +  2H2O  =  3H8PO4  +  6N0 

Salicylate    NaCyHgOs  +  Ha  =  HC7H5O8  +  NaQ 

Sulphate    2SO2  +  N2O4  +  SHoO  ==  2H2SO4  +  N2O2 

Sulphid    FeS  +  H2S04  =  FeS04  +  HgS 

Sulphite    SO2  4- H2O  =  H2SO3 

Tartrate    CaC4H40e  +  H2SO4  =  H2C4H40e  +  CaS04 

Iron. 

Chlorida    Fe  +  2Ha  =  FeCl2  +  H2.      Fe208  +  6HC1  =  Fej- 

Cle  4-  3H2O 

lodid    2I2  +  Fe2  (filings  in  warm  water)  =  2Fel2 

Carbonate   Na2C03  H-  FeS04  =  FeC03  +  Na2S04 

Hydrate    Fe2Cl6  H-  6NH4OH  =  Fe2(OH)6  +  6NH4CI 

Nitrate    Fe2(0H)e  -f  6HN08  =  6H20  H-  Fe2(N08)6 

Sulphates    Fe  +  H2SO4    ( dilute )    =  FeS04  +  Hj.      Fe208  + 

3H2SO4  =  Fe2  ( SO4 )  3  +  3H2O 

Sulphid    Fe  +  S  (fused  together)  =FeS 

Lead. 

Acetate    PbO  +  2HC2H3O2  =  Pb(C2H302)2  +  H2O 

Basic  Carbonate    ..Dutch  method:    3Pb  4*  Oo   (air)    4"  CO2   (manure 

or  tan-bark)  4- 2HC2H3O2  (vapors)  =:Pb802.- 
2C2H3O2  4-  2CO2  4-  H2O  4-  0  4-  H2  =  (Pb- 
CO3 )  2.Pb  ( HO )  2  4-  2HC2H3q2 
French  method:  3PbO  4- 3Pb(Cr2H302)2  =  Pb80- 
(C2H302)4  4-  Pb802(C2H302)2.  These  and 
2CO2  H-  H20=  (PbC03)2Pb(H0)2  4-  3Pb(C2- 
^302)2 

Chlorid    Pb(N0s)2  4-  2HCl  =  PbCl2  4-  2HNO3 

lodid    Pb(N03)2  4-  2KI  =  Pbl2  4-  2KN08 

Monoxid    PbCOs   (heated  to  low  redness)  =Pb0  4-  OO2 

Nitrate    PbO  -f  2HNO3  =  Pb(N03)2  4-  H2O 

Oleate    3PbO  4-  3H2O  4-  2C3H5  ( Ci  8H33O2 )  3    ( olive-oil )  = 


2C3H5  ( HO )  3  4-  3Pb  ( Ci  pHogOo )  2 

Subacetate    PbO  4-  Pb  ( (^H302 )  2  =  PbgO  ( ^2^3^^ 

ithium. 

Bromid    Li2C03  4-  2HBr  =  2LiBr  4-  CO2  4-  H2O 
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Carbonate    Li4Si04    (lepidolite)    +  H2SO4  +  HjO  +  Ca(H0)2 

=  4LiOH,  etc. 
4LiOH  -f  2  (NH4 )  2CO3  =  2Li2C03  +  4NH4OH 

Chlorid    Li2C05  +  2HC1  =  2LiCl  +  062  +  HoO 

Citrate    SLigCOs  +  2H3C6H5O7  =  2Li3CeH507  +  3H2O  + 

3CO2 

Salicylate    Li2C03  H-  2HC7H5O3  =  2LiC7H508  +  HgO  +  CO2 

Magnesium. 
Carbonate   6MgS04  +  SNajCOg  +  6H2O  =   (MgC03)4.Mg- 

(HO)2-5H20  (heavy  or  official  carbonate)   + 

5Na2S04  +  CO2 
Citrate    3(MgC08)43fg(H0)o.3H20  +  lOHgCeHgOr  -f  49- 

H20  =  6Mg3(CeH607)2.14H20  -{-  I2CO2  (more 

CO2  is  produced  by  dropping  in  crystals  of 

KHCO3  lust  before  corking  and  wiring). 

Hydrate MgS04  +  2NaH0  =  Mg(H0)2  +  Na2S04 

Oxid   (MgC03)4.Mg(HO)2.5H20     (ignited)     =    6MgO 

(heavy,  or  official)  +  6H2O  H-  4CO2 

Sulphate    MgCOs  +  H2SO4  =  MgS04  +  CO2  H-  HgO 

Manganese. 

Sulphate    MnOg  +  H2SO4  =  MnS04  +  H2O  +  0 

Mercury. 

Ammoniated HgClo  +  2NH4HO  =  NH2Hga  +  NH4CI  +  2H2O 

Chlorids    Hg2S04  +  2NaCl  =  Hg2Cl2  +  Na2S04 

HgS04  H-  2NaCl  (sublime)  =  HgCl2  +  Na2S04 
Cyanid  HgO  +  2HCN  =  Hg(CN)2  +  H2O 


lodids   Hg2(N03)2  H-  2KI  =  Hg2l2  +  2KN08 

HgCl2  +  2KI  =  Hglj  H-  2KC1 

Nitrate    HgO  (red)  +  2HNOs  +  H20  =  Hg(N08;2  t  ^^^u 

Oxid   HgClo  +  2NaH0  =  HgO  (yellow)  H-2NaCl  +  HoO 


Nitrate    HgO  (red)  +  2HNOs  +  H20  =  Hg(N08)2  +  2H2O 

HgClo  +  2NaH0  =  HgO  (yellow)  H-2NaCl  +  H20 
Hg2(N0s)2  H-  2KH0  =  Hg20  (black)  +  2KN08 

+  H2O 

3Hg  +  8HN08  =  3Hg(N08)  2  +  2N0  +  4H2O 
Hg(N08)2  (heated)  =  HgO  (red)  4-2NO2  +  O 

Subsulphate    3Hg  +  H2SO4  +  HNO3 +H2O    =   Hg(HgO)2S04, 

etc. 

Sulphate    Hg  +  2H0SO4  =  HgS04  +  802  +  2H2O 

Nitrogen. 

Ammonia (NH4)2S04  +  Ca(H0)2  =  CaS04   -f  2NH8  + 

2H2O 

Dioxid    3Cu  +  8HNO3  =  3Cu(N08)2  +  N2O2  +  4H2O 

Monoxid    NH4NO3  (heated)  =  N2O  H-  2H2O 

Platinum. 

Chlorid    Pt  +  2CI2  (aqua  regia)  =  PtCl4 

Potassium. 

Acetate    K0CO3  +  2HC2n302  =  2KC2H3O2  +  H2O  +  COj 

Arsenite    AsoOg  +  2KHCOs  +  HoO  =  2KH2ASO8  +  2CO2 

Bicarbonate    K2CO3  +  CO2  +  H2O  =  2KH008 

Bromid    FeBro  +  K2CO3  =  2KBr  H-  FeCOg 

Chlorate    «Ca  ( HO )  2  4-  GClo  =  SCaCIa  +  Ca  ( CIO3 )  2  +  6H2O 

Ca  ( ClOs )  2  +  2KCI  =  2Ka08  +  CaCU 

Chlorid    KoCOg  +  2HC1  =  2KC1  +  HoO  +  COo 

Chromate    2FeO(>203  +  4K2CO3  +  70  =  Fe203  +  4OO2  + 

4K2Cr04 

Cyanid    K4Fe(CN)e  +  K2CO3  =  6KCN  +  KCNO  +  COj 

H-Fe 

Bichromate    2K2Cr04  -f  H2SO4  =  KoCr207  +  K2SO4  H-  H2O 

Ferricyanid    2K4Fe(CN)e  +  013  =  2X3  Fe(CN)e  +  2KC1 

Ferrocyanid    4C  -f  2N  (animal  scrap)  H-  K2CO3  =  2KCN  +  SCO 

6KCN  4-  FeS  =  K4Fe(CN)c  +  K2S 
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Hydrate    KgCOg  +  Ca(HO)2  =  2KHO  +  CaCOg 

Hvpophosphite    . . . .  Ca  ( H2PO2 )  2  +  K2CO3  =  2KH2PO2  +  CaCOs 

lodid    Fegle  +  3K0CO3  +  SHgO  =  6KI  +  3CO2  +  Fco- 

(H0)«  " 
6K0H  +  3I2  =  6KI  +  KlOg  +  aHgO 

Nitrate    NaNOg  H-  KCl  =  KN08  +  NaQ 

Permanganate    3K2Mn04  +  2CO2  =  K2MJI2O8  +  Mn02  +  2K2CO3 

Sulphate    2KNO3  +  H2SO4  =  2HNO3  +  K2SO4 

Tartrate   of   K  and 

Na    2KHC4H4O6  +  NagCOg  =  2KNaC4H40e  +  COg  + 

H2O 
Silver. 

Bromid    AgNOa  +  KBr  =  AgBr  -f  KNO3 

lodid    AgN03  +  KI  =  Agl  +  KNO3 

Nitrate    3  Ag  +  4HNO3  =  3  AgNOg  +  2H2O  +  NO 

Oxid    2AgN08  +  2NaH0  =  Ag20  +  2NaN03  +  HgO 

Sodium. 

Acetate    NaHCOs  +  HC2H3O2  =  NaC2Ho02  +  OO2  +  HgO 

Arsenate    AB2O3  +  2NaN03  +  Na2C03  =  Na4A8207  +  CX)2  + 

N2O3 
Na4As207   +    loHgO    (to  crystallize)    =  2(Na2- 
HA8O4.7H2O) 

Benzoate    HC7H5O2  +  NaHC03  =  NaC7H502  +  CO2  +  H2O 

Bicarbonate    Na2C03  -f  CO2  +  H2O  =  2NaHC03 

Bisulphite    Na2C03  +  2SO2  +  H2O  =  2NaHS03  +  CO2 

Bromid    FeBr2  +  Na2C03  =  FeOOs  +  2NaBr 

Carbonate    Leblanc  process :  NaCl  -f  H2SO4  =  NaHS04  +  HCl 

NaHS04  4-  NaCl  =  Na2S04  H- 

HCl 
Na2S04  +  4C  =  NajS  +  4C0 
Na2S  +  CaC03  =  Na2C08  +  CaS 
Solvav's  ammonia-soda   process :      NaCl  +  NH3  + 
CO2  +  H2O  =  NaHC03  +  NH4CI.       2NaHC03 
(heated)  =Na2C03  -f  OO2  +  H2O 

Hydrate    NajCOg  +  Ca  ( HO )  2  =  2NaH0  +  CaCOg 

Hypochlorite    Ca  ( CIO )  2  +  CaCl2  +  2Na2C03  =  2NaClO  +  2NaCl 

-f  2CaC03 
Hy popliosphite    ....  Na2C03  H-  Ca  ( PH2O2 )  2  =  2NaPH202  H-  CaC03 

Iodic!    6NaH0  -f  3l2  =  6NaI  +  NaI03  +  SHgO 

Nitrite   NaNOg  +  Pb  (heat  in  Fe  vessel)  =NaN02  +  PbO 

Phosphate    NagCOg  H-  H3PO4   (till  faintly  alkaline)  =  Nao- 

HPO4  +  CO2  +  H2O 

Pyrophosphate   2Na2HP04   (heated  to  260**)  =  Na4P207  •{-  H2O 

Salicylate    NaHO  +  HC7H5O3  =  NaC7H503  -f  H2O 

Silicate    4Si02  +  Na2C03  +  C  (fused  together)  =Na2Si409 

+  CO2  +  C 

Sulphite    2NaHS03  +  Na2C03  =  2Na2S03  +  COo  +  %0 

Sulphocarbolate    . . .  Na2C03  +  2C6H5HSO3  =  2NaC6H4HS03  +  HgO  + 

CO2 
Thiosulphate    ("Hy- 
posulphite")     Na2S03  +  S  (boiled  together)  =Na2S203 

Strontium. 

Bromid    SrCOj  +  2HBr  =  SrBr2  +  CO2  +  H2O 

lodid    SrCOoH-  2HI  =  Srl2  +  COo  H-H20 

Lactate    2HC3H5O3  +  SrC03  =  Sr  ( C3H5O3 )  2  +  HgO  +  OO2 

Nitrate    SrCOg  +  2HNO3   (dilute)  =  Sr (NO3) 2  +  HjO  -h 

CO2 
Sulphur. 

Dioxid    82  +  2O2  (bum)  =  2SO2 

Trioxid    2SO2  +  O2  (with  aid  of  red-hot  Pt  sponge)  =  2SO3 


Tin. 

Chlorida    Sn+2HC1  (hot)  =  SnCIj  +  Ha 

Sn  +  2HgClj    (distilled  together)    =SoCl4  +  Hgs 
Zinc. 

AceUte    ZnO  +  2HC«H30i  =  ZnlCjHaOiJa  +  H2O 

Broraid    Zn  +  Bra  +  iisO  (warmed  gently)  =ZnBrs  +  MaO 

Carbonate 5(ZnSO<.7H20)   4-  aiNaaaViOHaO)  =  2ZiiCOs.- 

3Zn(HO)2    (basic  carbonate)    +  SKajSO*   + 
3C0,  +  BSHjO 

Chlorid    ZnO  +  2HC1  =  ZnCIj  +  H,0 

lodid    Zn+ I2   (heated  together)  =Ziil2 

Oxid    2ZnCOg.3Zn(HO)s   (baatc  carbonate  heated  lo  low 

redneBs  |  =  5ZnO  +  2CO2  +  SHjO 
Phoephld    3Zn2    (powdered   and  heated)    +   P^    (vapor)   ^ 

SZngPB 

Sulphate   ZnO  +  HjSO^  =:  ZnS04  +  HjO 

ValerianstB    ZnSOj  +  2NftC[;HBOj  =  Zn(C6HflOz)a  +  NajSO^ 


OAES,  KOCES,  ABS  HINEKAIS. 

irundmii  or  udanmnt  spur,  -\l2O3  [emery,  granular; 
ruby  (colored  with  Cr),  Hmethjst.  and  sapphire  (colored  with  Co), 
orvBtalHneh  apinelle,  MgO  +  M-jf-h;  diasporc,  AlaOjdlOi-.  baaxile. 
AlaOj(HO)>  +  FeaOg;  gibbeite,  Ala(HO)n;  cryolite,  AliFo.BNaFj 
siunite,  HoKAlaSaO,,:  turquoise.  (AlaOg)!,  PjOs.5H-.0  colored  with  a 
talt  of  Cu;  Hiiicated  rockB,  such  as  kaolin  or  porcelain  clay,  AljOg, 
25iO£.SH20,    rotten-stone    (with   organic   matter),   slate,   marl,   basalt, 

? unite  or  laminated  talc,  hornblende,  emerald,  aluminum  garnet;  topaa, 
IjSiOjFsO;  and  feldspar  (silicates  of  Al  and  K,  or  Ca  and  Na)  as 
orlhoclate,  KNaAlSisOs;  and  alblte.  NaAlSijOg;  garqet,  (CaMgFeMnlj- 
AlsSisOij;  cyanite,  (AlOaSiOg. 

Ammonium;     Maacagnite,   (NE4)2S04. 

Antimony:  Btibnite,  Sb^Sg;  aenarraonite  (oetahedra)  and  valen- 
tinite  (rhombic  priems  of  SbjC^) ;  cervantite.  or  antimony  ochre,  SbjO^, 

Arsenic;  White  aricnie,  aIsjO^;  orpiment,  As^^^;  realgar,  AajSj; 
arsenical  iron,  FeAsj;  arsenical  pyrites  or  wiapickel,  FeAs^FeSo. 

Barium:  Btavy  ipar,  BaS04;  iDtthen'te,  Ba(JOg;  barytocelestite, 
(BaSrCa)  (804)3;  barytocalcite,  (BaCa)  (COj):;  psilomelane,  MnBaO. 
+  Mn02. 

Beryllium:  Beryl,  SBeSiOj,  Alj(Si03)B  (green  =  emerald;  bluish 
green  ^  aquamnrine) ;   phenacite.  BeiSi04;   ehryaoiwryl,  BeO,  AI2O3. 

Bismuth:     Bismuthite,  Bi^Ss;  bismuth -ochcr,  Bi^Og. 

Boron:  Borax,  Na2B4OT.I0HjO;  bono  acid,  HgEO,;  bonicalcite, 
CaB40T.4H20:  boronatrocalcite,  Na3B40T,  SCaBfOi.lSHgO;  boracite 
(ataflsfurtite),  (MgO)a(BsOs)»MgCl:(:  eremeeffite,  AlBOg;  datholite, 
(CaO)j(Si02)2B20a.HiO;  ulksite,  BNa(C03l2. 

Cadmium:     Grcenockite,  CdS  chiefly. 

Calcium:  Carbonate,  CaCX>g  (limeitone.  marble,  chalk,  calcite,  ar- 
r«gonite,  coral,  marl,  sheila)  ;  dolomite.  MgCOg.  CaCOs;  fluortpar,  CaFj; 
anhydrite,  CaS04;  selenite  (ervBtallinel  and  alabaster  or  gyptwm, 
Caa04.2H20;  eyngcnile,  CaSO*,  1(2804, II jO;  wollastonito.  CaSiOg;  wm- 
brerite,  Ca3[P0,),;  apatite  (phosphorite),  Caj(P04)j,  CaClaj  polyha- 
lite,  2CaSt34.MgS04.KaSO(.2IljOi  ostcolite.  Caj(P04)s.  CaFj— a  fossil 
deposit;    nearly  all  silicat«d  rocka. 

Cerium:    Cerite,  na(Ce.U,Di)s(Ca.FelSi.,0,2.    Monaiite  sand. 

Ceaium:     Pollux  or  pollucile.  HjCs, A 14810017. 

Chromium:  CbromiU  or  chrome  iron  ore,  FeO.CrjOj;  rrocoisite, 
PbCrO,. 

Cobalti    Linneite,  Cos84i  tfn-white  cobalt,  or  cobalt  apelae,  CoAiti 
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oobaltite  or  cobalt-glance,  CoAs2,CoS2;  cobalt-bloom,  Ck>8(A804)2; 
smaltite  or  speiss-cobalt,   (CoFeNi)A82;  erythrite,  Go3Aa208.8H20. 

Copper:  Red  copper  ore  or  cuprite,  CU2O;  black  oxid,  CuO;  copper 
glance  or  chalcocite,  CU2S;  malachite,  CuC03,Cu  ( HO )  2 ;  azurite, 
(CuC03)2,Cu(HO)2;  copper  pj^itea  (bomite;  chalcepyrite),  Cu2FeS2 
or  Cu2S.Fe2S3;  covellite,  or  indigo  copper,  CuS;  variegated  copper  ore, 
CuaFeSs;  chalcanthet,  CUSO4;  libethenite,  HCU2PO5;  tagilite,  CU3- 
(Pb4)2,Cu(HO)2.2H20. 

Gold:  Electrum  (gold  mixed  with  more  than  36  per  cent,  of 
silver);  sylvanite,   (AgAu)Te2. 

Iron:  Iron  pyrites  ("fooPe  gold")  or  coal  brasses,  FeS2;  red 
hematite  or  specular  iron  ore,  Fe203;  magnetite  or  lodestone,  Fe304; 
brown  ironstone,  Fe4HQ09;  limonite  or  brown  hematite,  Fe2(H0)e; 
siderite  or  spathic  ore,  FeCOs;  wolframite,  FeMnW04;  vivianite,  Fes- 
(P04)2.8H20;  arsenopyrite  (sulpharsenite) ;  pyrrhotite,  FegSg;  chryso- 
lite, ( FeMg )  2Si04 ;  f  ranklinite,  FeOZnOMnO.Fe203Mn203 ;  gOthit^ 
(crvst),  FeO.OH. 

Lead:  Oalena,  PbS;  cerussite,  PbC?03;  anglesite,  PbS04;  wulfenite, 
PbMo04;     pyromorphite,    Pb3(P04)2;     crocoisite,    PbCr04;     ootunite, 

PbClo. 

Lithium:  Petalite,  LiAlSi40io;  spodumene,  LiAlSi20e;  lepido- 
lite,  HKLiAl2Si30ioF. 

Magnesium:  Mineral  periclase,  MgO;  bischofite,  MgGl2-6H20; 
magnesite,  MgCOs ;  dolomite,  MgC03,CaC03 ;  camallite,  KCl.MgCl2.6H2O ; 
kieserite,  MgS04.H20;  reichardtite,  MgS04.7H20 ;  leonite,  K2Mg(  804)2.- 
4H2O;  spinel,  MgAl2Fe204;  silicates:  talc  (soapstone),  H2Mg3Si40i2; 
potstone;  asbestos  (earth  flax) ;  meerschaum. 

Manganese:  Pyrolusite,  Mn02;  psilomelane,  H4Mn05;  braunite, 
Mn203;  manganite,  Mn203  4-H20;  hausmannite,  Mn304;  manganese 
spar  or  rhodochrosite,  MnCOs;  manganese  blende,  MnS;  haverite, 
MnS2;  wad  or  bog  manganese  (impure  peroxid  in  clay);  rhodonite, 
MnSiOg. 

Mercury :  Cinnabar ,  HgS ;  horn  quicksilver,  Hg2Cl2  H-  Hg2l2 ; 
natural  amalgam,  HgAg. 

Molybdenum:  Molybdenite,  M0S2;  wulfenite,  PbMo04;  trioxid, 
M0O3. 

Nickel:  Garnierite  or  genthite  (NiMgO)6(Si02)4;  nickel  glance, 
NiS2,  NiA82;  magnetic  pyrites  or  nickeliferous  pyrrhotite  (Fe,  Ni, 
and  S)  ;  millerite,  NiS;  niccolite  or  arsen  nickel,  NiAs;  bunsenite, 
NiO;  gerstorfite,  NiCoAsS;  chloanthite,  NiCk)FeA82.6H20. 

Potassium:  Niter,  KNO3;  carnalUtey  MgCl2,KCl;  kainite,  MgS04, 
KCI.3H2O;  schoenite,  K2SO4,  MgS04.6H20;  sylvite,  KCl;  glaserite, 
K3Na( 804)2;  langbeinite,  K2Mg2( 804)3;  silicates  (potash-feldspar, 
analcime,  granite,  syenite,  gneiss,  micaceous  schist). 

Silicon:  Silica^  8i02:  rock  crystal  or  quartz  (crystalline — ^tripoli, 
onyx,  bath-brick,  sandstone,  amethyst,  carnelian),  tridimite  (crystal- 
line), chalcedony  (amorphous — agate,  jasper,  flint),  opal  and  geyserite 
(hydra ted  oxids),  silicified  wood  and  kieselguhr  (diatomaceous  earth) ; 
silicated  rocks  (clays,  slates,  feldspars,  mica,  meerschaum,  serpentine, 
porphyry,  basalt,  asbestos,  granite,  gneiss,  s^'enite,  pumice,  tourmaline, 
pyroxene,  amphibole,  etc.).  Smoky  quartz,  or  cairngorm,  is  colored 
with  organic  matter;   amethysts  (Si02)  colored  with  oxids  of  Mn  or  Fe. 

Silver:  Argentite,  or  silver  glance,  Ag28  (nearly  always  with 
galena) ;  horn  silver  or  cerargyrite,  AgCl;  iodid  and  bromid  of  silver; 
proustite,  Ag^AsSs;  pyrargyrite  (with  Sb2S3);  hessite  (Ag2Te) ;  ruby 
silver  ( proustite,  Ag2S.As2S3 ;  pyrargyrite,  Ag2S.8b2S3) ;  tetrahedrite, 
or  gray  copper  ore,  4  (Cu2Ag2FeHg)  8.81)283;  stephanite  and  stromeyerite 
are  also  silver  minerals. 

Sodium :  Crude  deposits  of  NaNOs  J"  ^^T  regions  of  South  Amer- 
ica.   Rock-salt,  NaCl ;   Chili  saltpeter,  NaN03 ;  loeweite,  Na2Mg  ( 8O4 )  2.- 
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SHjO;  nstrakimite.  NajMg ( 80, ) 3.4H2O :  albiU.  NaAlSijOg;  cryolite, 
AljF8,6N«F;  thennrdits,  Na^SO,;  rairabilite,  NttaSO^.lOHaO.  Natro- 
lit«  is  Na20,AI,Oj,SSiO,.2njO. 

Strontium:     Strontianite,   SrCO^:   cekatine  or   celestite,  SrSO,. 

Tellurium:  SjIvHnite,  or  grapliic  tellurium,  contains  about  24 
p«r  cent,  gold;  ealaverite,  AuTe->,  about  4  per  cent,  gold;  nag^egite,  or 
foliat«  tellurium,  ( AgPbAu ) Tcj,  from  6  to  9  per  cent,  gold.  Iron 
pvrites  are  nearlj  alwnj's  aurifeToua. 

Tin;  Catsiterile  or  tin-stone.  SnO^  (vein-  or  mine-tin  and  stream- 
tin)  ;   eulphid. 

Uranium:  I'mninite  or  pitchblende,  (U,Pbi)s  (ITOg),  (about  80 
per  cent.),  with  Fe  and  sometimes  Mg  and  Sr;  camotite  (20  per  cent. 
Va  axid  and  60  per  cent.  U  oxidi;  samarBkllc  (fl  to  10  per  cent.  U 
oxide)  1  autuoite  (about  00  per  cent.  U  oxida  with  Ag,  Sn  and  Fe  ores) : 
gummite  (60  per  cent.  U  oxids) ;  thorogummite  (20  per  cent.  U  oxid  and 
40  per  cent.  Th  oxid). 

Zinc;  Zinc  bUnde  or  sphalerite.  ZnS;  calamine,  HiZnjSiOfti 
smithBOnite,  ZnCOj;  lindte  or  red  oxid,  ZnO;  franklinite,  (FeMnZn), 
(FeMnljOo- 

FOPITLAR  AND  ALCHEMIC  NAMES. 


Infusion  of  tobacco,  1  in  ! 


Abercrombie's  Lotion. 
A.  C.  B.    Anesthetic 
imea  of  chloroform,  and  3  volumes  of  pure  ether- 
Acid  of  sugar.     Oxalic  acid. 
Aerugo.     Verdigris. 
After-damp.     Carbon   dioxid   11 


absolute  alcohol,  2 


tollowiog  fire-damp  explo- 

Aieh'a  Melal.    Alloy  of  Fe  and  Zn  used  for  casting  cannon. 

Alabastrine,  or  Albocnrbon,     Naphthalene. 

.^Igaroth  Powder.    Antimony  oxychlorid,  SbOCI. 

Alkermes  Mineral.     Sulphureted  antimony,  SbjSg. 

Alleluia.     Wood-sorrel,  OxatU  acvtotflla. 

M\xm  take.     Commercial  sulphate,  Ali(604)s.lSH30. 

Alum  Silver.     A  strong,  light  alloy  used  in  some  parts  of  chemio 

Amidon.     Starch. 

Ammonia  Liniment-     A   mixture  of  cottonseed-oil   and  ammonia- 

Antjchlor.  Sodium  thiosulphate.  or  "hyposulphite."  used  in  re- 
moving excess  of  CI  in  blexchiug  operations. 

Antifebrin.     Trade  nnms  of  acetanilid. 

Antifriction  Met*l.  Any  allov  having  a  low  coefficient  o(  frlc^tion; 
hence  used  for  bearing  surfaces;   Babbitt  metal  is  an  example. 

Apple-oil.    Amy]  valerianate. 

Aqua  Fortis.     Crude  nitric  acid. 

Aqua  Fhagcdenim.     Mercuric  oxid;  yellow  wash. 

Aqua  Regia.     Nilromurintic  acid. 

Aqua  Reginn.     Nitrosutphuric  acid;  used  lo  dissolve  silver. 

Aqua  Sedativa.  Ammonia- water,  2  ot.;  spt.  camphor,  I'/i  dr-t 
fiaCI.  I  oi;    water  lo  make  a  pint. 

Aqua  Vita.     Brandy. 

Aquita  Alba.     Old  name  for  calomel. 

Argentum  Vivum.    Native  mercury. 

Argols.    Crude  cream  of  tartar  from  wine-caaks. 

Astral-oil.    Kerosene. 

Amte.     Nitrogen. 

Azotic  Acid.     Nitric  acid. 

Baking  Soda.    Sodium  bicarbonate. 
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Baldwin's  Phosphorus.  Calcium  nitrate:  heated  and  exposed  to 
sunshine,  is  luminous  in  the  dark. 

Balsam  of  Soap.    Soap  liniment. 

Balsam  of  Sulphur.    A  solution  of  S  in  olive-oil. 

Barilla.    Ashes  of  sea-plants. 

Basham*s  Mixture.  Mist,  ferri  et  ammon.  acet.;  contains  tinct. 
ferri  chloridi,  ammon.  acet.  and  acetic  acid,  dissolved  in  a  sweetened 
elixir  of  orange. 

Basilicon  Ointment.  Resin  ointment:  olive-oil,  yellow  wax,  resin, 
and  Burgundy  pitch. 

Basyl.    The  plus  radical. 

Battley's  Solution.  Liquor  opii  sedativus;  is  50  per  cent,  lauda- 
num. 

Bay  Rum.    Spiritus  myrcise. 

Bengal  Fires.  Red:  Powdered  shellac,  1 ;  Sr(N03)2,  5;  powdered 
Mg,  25  parts.  Green:  Powdered  shellac,  1;  Ba(N03)2»  5;  powdered 
Mg,  25  parts. 

Berlin  Green.    A  complex  mixture  of  cyanids  of  iron. 

Berlin  Red.    Colcothar,  or  ferric  oxid. 

Berthollet*8  Salt.    KCIO3. 

Bestuchuf's  Tincture.    An  ethereal  solution  of  FeCls. 

Bibron*8  Antidote.    A  solution  of  KI,  HgCl2)  Br,  alcohol  and  water. 

Bichlorid  of  Gold.    AuCls-NaCl. 

Bismarck  Brown.  Vesuvin,  canelle,  anilin  brown,  leather  brown, 
cinnamon  brown,  golden  brown,  English  brown,  Manchester  brown; 
used  to  color  wines. 

Bitter  Earth.    Magnesia. 

Bitter  Salts.    Epsom  or  English  salts,  MgS04. 

Bittern.  Mother-liquor  remaining  after  evaporation  and  crystalliza- 
tion of  NaCl  from  sea-water. 

Black  Antimony.     Antimony  trisulphid,  Sb2S3. 

Black  Ash.    Impure  Na2C03  mixed  with  carbon. 

Black  Draught.     Compound  infusion  of  senna. 

Black  Drop.    Gutt»  nigre ;   vinegar  of  opium. 

Black  Flux.  A  mixture  of  C  and  K2CO3  made  by  igniting  cream 
of  tartar  with  one-half  its  weight  of  niter. 

Black  Lead.    Plumbago,  graphite;    used  for  lead-pencils. 

Black  Salts.    Wood  lye  evaporated  nearly  to  dryness. 

Black  Wash.    A  mixture  of  calomel  and  lime-water,  Hg20. 

Blancard's  Pills.    Pil.  ferri  iodidi  coated  with  balsam  of  Tolu. 

Blaud's  Pill.     Ferrous  carbonate  with  an  alkaline  sulphate. 

Bleaching  Powder.    A  mixture  of  calcium  chlorid  and  hypochlorite. 

Blende.    Various  native  sulphids. 

Blister  Copper.  Crude  copper  obtained  by  roasting  a  mixture  of 
CU2O  and  CU2S. 

Blondine.    Hydrogen  peroxid  for  bleaching  hair. 

Blue  Mass.    Mercurial  pill. 

Blue  Ointment.    Mercurial  ointment. 

Blue-stone,  or  Blue  Vitriol.    Cupric  sulphate,  Roman  vitriol. 

Bole.     Soft  clay  colored  red  by  ferric  oxid. 

Bone-black.    Carbon  and  Ca3(P04)2- 

Bone-phosphate.     Calcium  phosphate,  Ca3(P04)2. 

Borax.    Sodium  tetraborate  Na2B407. 

Boreal.    North  pole  of  magnetic  needle. 

Brandy.    Spiritus  vini  Gallici. 

Brimstone.    Roll  sulphur. 

British  Gum.  Dextrin  made  by  heating  starch  with  water  under 
pressure. 

Brown  Mixture.  Mist,  glycyrrhizse  comp.;  paregoric  120,  wine  of 
antimony  60,  in  1000  c.c.  water,  with  licorice,  etc. 


The   chlorida   of   these 


eilings,  made  of  whiting,  glut 


Brunswick  Oreen.    Oxychlorid  of  copper. 

Bumett'a  DiBinfectiag  Fluid.     Solution  of  zinc  chlorid   [205  to  2 
gr.  per  oz.)- 

Burow's  Solution,     Chief  ronstituent 

Butter   of   Autimony,   Bismuth,   or   . 
metals. 

Butter  of  Par&ffin.    Petrolatum. 

Calcimine.     A  wash  for  walls  ai 
and  natar,  and  often  tinted. 

Calcined  Magnesia.     MgO  from  burning  of  MgCOg. 

Calcined  Mercury.     HgO. 

Calomel.     Mercurous  or  mild  chlorid  of  mercury. 

Campbene.    Oil  of  turpentina. 

Camphoid.  A  mixture  of  1  part  of  pyroxylon  and  20  each  of  cam' 
pbor  and  absolute  alcohol. 

Canada  Pitch.     Hemlock*pitch   from  hemlocic- spruce,  Abitt  Cana- 

Canquoin's  Paste.     ZnClg  mixed  with  gypsum  and  water. 

Canton's  Phospborus.     Luminous  paint,  CaS. 

Caput  Mortuum.     Impure  FeaOs  left  after  igniting  FeSj  or  FeS04. 

Caramel.    Burnt  augar. 

Carbolic  Acid.     Phenyl  hydrate,  or  phenol,  CflHsHO. 

Carron-oit.  A  mixture  of  linseed-oil  and  lime-watrr  for  bums; 
same  as  lime  liniment. 

Chalk  Mixture.     Contains  chalk,  sugar,  gum,  and  cinnamon  water. 

Chameleon  Mineral.  Potaxsium  pernuinganate  or  manganate. 
KaMnO^ — changes  from  green  to  red  (KJln04). 

Chinosol.  A  soluble,  crystalline,  yellow  powder  of  the  quinolio 
group:    disinfectant  and  deodorant. 

Cbioralum.    A  disinfectant  composed  of  a  solution  of  impure  AlClg. 

Chloric  Ether.     Alcoholic  solution  of  CHCI3. 

Chloros.    A  disinfectantliquid  containing  10  percent,  of  availabla  CI. 

Choke-damp.     COj  in  mines. 

Cbrome-green.  A  mJKture  of  chrome-yellow  and  Prussian  blue,  or 
CrjOg- 

Chromeisen.     A  tough  alloy  of  Fe  and  Cr. 

Chrome-vermilion.     Lead  d'ichromnte.  PbCrj07. 

Chrome-yellow.     Lead  chromnte,  PbCr04. 

Chnrcbiira  Tincture.  Tinct.  iodi  composita;  I,  2  dr.;  KI,  4  dr.; 
glycerin,  1  dr.;    alcohol,  ad  1  01. 

Citrine  Ointment.    Mercuric  nitrate  ointment. 

Clemens's  Solution.    Solution  of  arsenate  and  bromid  of  K. 

Club  Moss.     Lycopodium. 

Colcothar.    Rouge,  crocus,  FejOj. 

Cologne  Spirit.    Purified  ethyl  alcohol. 

Colonial  or  Columbian  Spirit.     Methyl  alcohol,  CHhHD. 

Colophony.     Rosin,  common  resin. 

Common  Salt.     Sodium  cblorid,  NaCt. 

Compound  Jalap  Powder.    Jalap,  35;   cream  of  tartar.  85. 

Concentrated  Lye.     Impure  mixture  of  KaEO  and  NaiCOg. 

Condy's    Solution.      Sodium   permanganate,    32   gr.    in    1    pint    of 

Constant  White.     Barium  tung«tate. 

Copperas.    Green  ritriot.  ferrous  sulphate  crystals,  FeSOt.TAq. 

Copperas  Blue.     Cupric  sulphate,  CuSOtSB^O. 

Cordite.  An  explosive  containing  68  per  cent,  nitroglrccrin,  37 
per  cent,  guncotton,  and  5  per  cent-  "mineral  jelly"   (vaselin). 

Corpse  Light.  Blue  ftanie  of  burning  methane  in  miners'  safety 
lamp,  seeu  before  the  mixture  in  air  reaches  an  explosive  ratio  |1  to  S|. 

Corrosfvv  SublltnRt«.    M«reurio  cblorid,  bichlorld  of  mercury,  HgOtj. 
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Coster's  Paste.    Contains  2  drams  I  to  ounce  of  tar. 

Court  Plaster.  Emplastrum  ichthyocollse ;  isinglass  (dried  swim- 
ming-bladder of  sturgeon)  dissolved  in  water,  alcohol  and  glycerin  and 
spread  on  cloth. 

Crab-orchard  Salts.  MgS04  plus  FeS04,  which  obviates  nauseous 
taste  and  prevents  griping. 

Crab's  Eyes  or  Stones.    Chalky  concretions. 

Cream  of  Tartar.  Potassium  bitartrate,  KHC4H4O6.  Small  crystals 
float  on  surface  of  liquid  on  rapidly  cooling  a  hot  solution. 

Credo's  Ointment.  Colloidal  silver,  15;  water,  5;  white  wax,  10; 
benzoinated  lard,  70. 

Crocus  of  Antimony.    Antimony  vermilion  or  ozysulphid. 

Crystals  of  Venus.    Cupric  acetate,  Cu(C2H802)2-H20. 

Cubic  Niter.  NaNOs,  which  crystallizes  in  rhombohedra  closely 
resembling  cubes. 

Dalmatian  Powder.  Powdered  flowers  of  chrysanthemum  ciner- 
arisefolium. 

Deshler's  Salve.    Compound  resin  cerate. 

De  Valangin's  Arsenical  Solution.  Liquor,  arsenici  hydrochlor.; 
ABCI3. 

Dewees's  Carminative.  Mist,  magnesise  et  asafoetids;  contains 
magnesium  carbonate  and  tinctures  of  asafoetidse  and  opium  and  sugar 
and  water. 

Diachylon.    Emplastrum  plumbi. 

Dialyzed  Iron.  Ferric  hydrate  held  in  solution  by  FeCla,  the  ex- 
cess of  which  has  been  removed  by  dialysis. 

Diana.    Alchemic  name  of  silver. 

Dippel's  Animal-oil.     Pyridin,  CflHgN. 

Dobell's  Solution.  A  mixture  of  1^  dr.  of  carbolic  acid,  4  dr.  each 
of  borax  and  baking  soda,  14%  dr.  of  glycerin,  and  enough  water  to 
make  8  oz. 

Donovan's  Solution.  An  aqueous  solution  containing  1  per  cent, 
each  of  A8I3  and  Hgl2. 

Dover's  Powder.  Compound  ipecac  powder:  1  part  each  of  ipecac 
and  opium  to  8  parts  of  sugar  of  milk. 

Dutch  Liquid.    Ethene  dichlorid,  C2H4CI2. 

Dutch  White.  Impure  white  lead,  or  a  mixture  of  3  parts  BaS04 
to  1  part  of  white  lead. 

Eagle  or  Excelsior  Spirit.    Deodorated  wood  alcohol. 

Earth-wax.    Ozokerite,  hard  paraflSn,  fossil  wax. 

Eau  de  Javelle.    Solution  of  potassium  hypochlorite,  KCIO. 

Ehrlich's  Syphilitic  Remedy  (606).    Dioxydiamidoarsenobenzol. 

Elastica.    Caoutchouc. 

Electrolytic  Gas.    H  and  O. 

Elixir  of  Vitriol.    Aromatic  sulphuric  acid. 

Embalming  Fluids.  Arsenic,  ZnCl2»  formalin,  H2O2  or  Na2S03, 
and  usually  glycerin. 

Emerald  Green.  Schweinfurth  green,  acetoarsenite  of  copper, 
3CUAS2O4  +  Cu(C2H802)2. 

Emery.    Pulverized  corundum. 

Epsom  Salts.    Magnesium  sulphate,  MgS04.7H20. 

Essence  of  Mirbane.    Nitrobenzol. 

Essence  of  Vinegar.     Cone,  acetic  acid. 

Ethiops  Mineral.    Black  mercurous  sulphid,  Hg2S. 

Felwort.    Gentian. 

Ferrier's  Snuff.    Compound  bismuth  powder. 

Fire-damp.    Methane,  marsh-gas,  CH4. 

Fixed  Air.    Choke-damp,  CO2. 

Fixed  Niter.    K2CO3. 

Flake  White.    Pure  carbonate  of  lead. 
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Flowers  of  Antimony.    Antimonous  oxid,  Sb203. 
Flowers  of  Arsenic.    Arsenous  oxid,  A82OS. 
Flowers  of  Benzoin.     Benzoic  acid,  HC7H5O2. 
Flowers  of  Bismuth.    Bismuth  oxid,  Bi203. 
Flowers  of  Sulphur.    Sublimed  sulphur. 
Flowers  of  Zinc.    Zinc  oxid,  ZnO. 
Fly  Stone.    Cobalt  glance,  a  mixture  of  Co  and  As. 
Foliated  Earth  of  Tartar.    Potassium  acetate. 
Fool's  Gold.    Iron  pyrites,  FeS2. 

Fowler's  Solution.  A  1-per-cent.  aqueous  solution  of  potassium 
arsenite,  KH2AsO^,  rendered  alkaline  with  KHCO3. 

Freezine.    Formaldehyd  used  as  a  preservative  by  milkmen. 

French  Chalk.    Talc,  soap-stone,  steatite,  magnesium  silicate  chiefly. 

Friar's  Balsam.     Compound  tinct.  benzoin. 

Fulminating  Silver.    NHAg2  =  ( NHj  +  AgjO  —  H2O ) . 

Fuming  Liquor  of  Libarius.     Solution  of  SnCl4. 

Fusel-oil.    Amyl  alcohol,  CgHnOH. 

Glass  of  Antimony.    Fused  antimony  trisulphid,  Sb2S3. 

Glass  of  Borax.    Borax-bead  obtained  by  fusion. 

Glauber's  Salts.    Sodium  sulphate,  Na2SO4.10H2O. 

Glonoin.    Nitroglycerin;   trinitrin. 

Goddard's  Drops.    Aromatic  spirit  of  ammonia. 

Golden  Seal.    Hydrastis  Canadensis. 

Golden  Sulphur.    Antimony  pentasulphid,  Sb2S5. 

Goulard's  Extract  and  Cerate.     Contain  subacetate  of  lead,  Pb- 

(C2H302)2,  Pb(H0)2. 

Graphine.    Gas-carbon. 

Gray  Oil.    Calomel  suspended  in  lanolin  and  olive-oil. 

Gray  Powder.  Hydrarg}'rum  cum  creta;  Hg  (38  per  cent.)  with 
chalk  and  honey. 

Green  Precipitate.    Subacetate  of  copper,  true  verdigris. 

Green  Vitriol.     Copperas,  tutia,  FeS04.7H20. 

Gregory's  Powder.     Compound  rhubarb  powder. 

Gregory's  Salt.    A  double  chlorid  of  morphin  and  codein. 

Griffith's  Antihectic  Mixture.  Mistura  ferri  comp. ;  FeS04,  K2CO8 
and  aromatics. 

Gros's  Salt    PtCl2(N08)2.4NH8. 

Guignet's  Green.  Chromic  hydrate  obtained  by  heating  a  mixture 
of  K2Cr207  and  boric  acid,  and  extracting  with  water. 

Gum  Arabic.    Acacia. 

Hamburg  White.  Mixture  of  1  part  of  white  lead  and  2  parts  of 
BaS04. 

Hard  salt.    Powdered  alum. 

Harle's  Solution.    Liquor  sodii  arsenitis. 

Hartshorn.    Ammonia,  NH3. 

Heavy  Carbureted  Hydrogen.     Ethene  or  olefiant  gas,  C2H4. 

Heavy  Earth.    Baryta,  BaO. 

Heberden's  Ink.    Mistura  ferri  aroma tica. 

Hicra  Picra.    Aloes-and-canella  powder,  "hickery  pickery." 

Hive-syrup.    Compound  syrup  of  squill. 

Hoffmann's  Anodyne.  Compound  spirit  of  ether:  1  pint  each  of 
ether  and  alcohol,  6  fluidrams  of  ethereal  oil. 

Holy-wood.    Guaiacum,  lignum  vits,  pock-wood. 

Homberg's  Pyrophyrus.    Made  by  igniting  K,  alum  and  charcoal. 

Honey-dew.  A  viscid  mixture  of  cane-sugar,  dextrin,  and  invert- 
sugar,  exuded  from  aphides  on  leaves. 

Huxham's  Tincture.    Compound  tincture  of  cinchona. 

Ice-vinegar.    Glacial  acetic  acid. 

Iceland  Moss.    Cetraria. 
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Ignis  Fatuus.  Will-o'-the-wisp;  spontaneous  combustion  of  phos- 
phine,  H3P,  generated  in  marshy  places. 

India  or  Chinese  Ink.  Lampblack  or  burnt  cork  mixed  with  gela- 
tin and  water,  flavored  with  camphor  and  musk;    sepia. 

Indian  Salt.    White  sugar. 

Insect  Powder.     Flower-heads  of  Persian  pellitory. 

Irish  Moss.    Ghondrus. 

Iron  Pyrites.     Native  sulphid  of  iron,  "fool's  gold,"  FeS2. 

Italian  Juice.     Licorice. 

Itch  Ointment.    Comp.  sulphur  ointment. 

Ivory  Black.     Animal  charcoal  or  bone-black. 

James's  Powder.  Antimonial  powder:  %  oxid  of  antimony,  % 
calcium  phosphate. 

Japan  Black.  A  varnish  of  asphalt,  umber,  turpentine,  and  lin- 
seed-oil. 

Javelle  Salt.    NaClO. 

Jesuit's  Powder.     Powdered  cinchona-bark. 

Jewelers'  Gold.    Alloys  of  gold  and  silver. 

Kalk.     Lime«  CaO. 

Kelp.    Sea-weed  ashes  used  as  a  source  of  I  and  Na2C03. 

Kermes  Mineral.    Oxysulphid  of  antimony. 

King's  Yellow.    Orpiment,  AS2S3. 

Kitchener's  Pills.    Simple  rhubarb  pills. 

Konseals.    Rice-flour  capsules. 

Kvan's  Disinfectant.    Solution  of  HgCl2. 

Labarraque's  Solution.     Solution  of  sodium  hypochlorite,  NaClO. 

Lac  Sulphuris.     Pptd.  S. 

Lacmoid.    An  indicator  composed  of  NaNOs  ^^^  resorcin. 

lectin.    Lactose. 

Lady  Webster  Pill.    Aloes  pill. 

Lana  Philosophica.    Zinc  oxid,  ZnO. 

Lapis  Divinus.  One  part  each  of  alum,  saltpeter,  and  CUSO4  and 
^  as  much  camphor  as  of  the  mixture. 

Lapis  Infemalis.    Lunar  caustic. 

Lapis  Lazuli.    Natural  ultramarine,  a  beautiful  dark-blue  pigment. 

Laudanum.    Tinct.  opii   (10  per  cent,  strength). 

Laughing-gas.    Nitrous  oxid,  N2O. 

Laveran's  Solution.  Quinin  hydrochlorid,  3;  antipyrin,  2;  water, 
6  parts.     For  injection   (diluted)  in  malaria. 

Lead- water.    Diluted  Goulard's  extract,  containing  lead  subacetate. 

Ledoyen's  Disinfectant.     Contains  lead  nitrate. 

Lemon-chrome.    Chrome-yellow,  PbCr04. 

Light  Carbureted  Hydrogen.     CH4. 

Lightning  Powder.    Lycopodium,  "vegetable  sulphur." 

Lime.    Calcium  oxid,  CaO. 

Lime  Liniment.    A  mixture  of  lime-water  and  cottonseed -oil. 

Lime-water.     Aqueous  solution  of  Ca(H0)2 — about  0.15  per  cent. 

Liquid  Smoke.    Pyroligneous  acid. 

Lisle's  Fever  Powder.    Pulv.  antimonialis. 

Litharge.    Massicot,  lead  oxid,  PbO. 

Liver  of  Sulphur.  Hepar  sulphuris;  sulphureted  potassium,  K2S, 
K2S3,  and  K2S2O3;    a  liver-brown  solid  made  by  heating  S  and  K2CO3. 

Lodestone.    Native  magnetic  oxid  of  iron,  Fe304. 

Lokas,  or  Chinese  Green.  A  pigment  obtained  by  evaporating  to 
dryness  a  mixture  of  lime  and  the  juice  of  buckthorn-berries. 

London  Paste.  Equal  parts  of  quicklime  and  caustic  soda,  made 
into  a  paste  with  water;    a  depilatory. 

London  Purple.    Arsenical  residues  from  anilin-dye  manufactories. 

Lugol's  solution.  lodin  (5)  held  in  solution  bv  KI  (10)  in  dis- 
tilled water  (85). 
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Luna.    Alchemic  name  for  silver. 

Lunar  Caustic.  Stick  silver  nitrate,  AgNOg,  toughened  with  6-per- 
cent. KNO3. 

Macquer's  Salt.     Potassium  arsenate. 

Magendie'a  Solution.  Morphin  sulphate,  16  gr.  to  the  ounce  of 
water. 

Magican.    Galls. 

Magistery  of  Bismuth.     Subnitrate  of  bismuth. 

Magnesia  Alba.    Magnesium  carbonate. 

Manhattan  Spirit.    Methyl  alcohol. 

Marguerite's  Salt.     K2CO8.6H2O,  2Na2C03.6H20. 

Marine  Acid.    HCl. 

Marsden's  Paste.  One  dram  of  pulv.  acacia  and  2  drams  A82O3, 
mixed  intimately  and  made  into  a  paste  with  a  little  water. 

Martius's  Yellow.  Dinitronaphtol ;  naphtol  yellow,  saffron  yellow, 
golden  yellow,  Manchester  yellow;    used  for  mustard  and  macaroni. 

Massicot.     Amorphous  PbO. 

Matte.  Impure  metal  (especially  Cu)  containing  S.  Called  also 
"regulus,  or  white  metal." 

Methylene-blue.     Tetramethylthionin  chlorid. 

Michel's  Paste.    Strong  H20O4  and  powdered  asbestos. 

Microcosmic  Salt.  Sodium  ammonium  phosphate,  NaNH4HP04, 
so-called  because  of  its  presence  in  the  residue  of  evaporated  stale  urine 
of  man,  the  microcosm. 

Milk  of  Asafetida.    The  white,  aqueous  emulsion  of  this  gum. 

Milk  of  Bismuth.  Made  from  subnitrate  dissolved  in  water  with 
aid  of  HXO3,  then  treated  with  NH4OH. 

Milk  of  Lime.    Whitewash. 

Milk  of  Magnesia.    Mg(H0)2  suspended  in  water,  1  part  to  15. 

Milk  of  Sulphur.  Lac  sulphuris,  or  precipitated  sulphur,  mixed 
with  water. 

Mineral  Blue.    Prussian  blue,  Fe4(FeCye)3. 

Mineral  Chameleon.  K2Mn04.  It  absorbs  CO2  from  the  air  and 
passes  from  green,  through  violet  and  blue,  to  purple  KMn04. 

Mineral  Pitch.     Asphalt. 

Mineral  White.    Same  as  white  lead. 

Mineral  Yellow.    Lead  oxychlorid. 

Minium.    Red  lead,  Pb304. 

Monsel's  Solution.    Liquor  ferri  subsulphatis,  Fe40(  804)5. 

Mosaic  Gold.  Brass  or  stannic  sulphid,  a  golden-yellow  powder 
used  for  bronzing. 

Moth  Balls.    Tar  balls;    naphthalene. 

Mountain-blue.    Asnirite,  native  basic  cupric  carbonate. 

Mountain-green.    Malachite,  native  basic  cupric  carbonate. 

Muriatic  Acid.    Hydrochloric  acid,  HCl. 

Mu»ic  Metal.    Alloy  of  Sn  and  Sb. 

Mystery  Gold.  Alloy  of  1  part  Pt  and  2  parts  Cu  with  a  little 
silver.     It  resists  action  of  strong  nitric  acid. 

Naples  Yellow.    A  basic  lead  antimonate  used  in  oil-painting. 

Natron.    Native  sodium  carbonate,  NajCOs. 

Neutral  Mixture.    Solution  of  potassium  citrate,  KsCeHsOj. 

Niter.    Saltpeter,  KNO3. 

Obsidian.    Volcanic  glass;    trachyte  or  rhyolite. 

Ochor.     Native  mixture  of  clav  and  ferric  oxid,  used  as  a*paint. 

Oil  of  Sulphur.    H2SO4. 

Oil  of  Vitriol.     Sulphuric  acid,  H2SO4. 

Oil  of  Wine.    Ethyl  sulphate,  (C2H5)2S04. 

Olefiant  Gas.  Ethene,  C2H4;  so  called  because  it  makes  an  oily 
liquid  with  CI. 


630  APPENDIX. 

Oleum  Calcis.  The  thick,  oily  liquid  resulting  from  deliquescence 
of  CaCl2  exposed  to  the  air. 

Opodeldoc.     Camphorated  soap  liniment. 

Oreide.    A  species  of  brass  resembling  gold. 

Orpiment.    AB2S3. 

Ox-gall.    Fel  bovis. 

Oxidized  Silver.  Coating  of  thin  layer  of  sulphid,  obtained  by 
heating  together  Ag  and  solution  of  K2S. 

Ozonized  Ether.    Solution  of  H2O2  in  ether. 

Ozonized  Water.  Aqueous  solution  of  H2O2. 

Packfong.    German  silver,  or  brass  whitened  by  nickel. 

Palsy  Drops.    Compound  tincture  of  lavender. 

Paradise-gas.    Laughing-gas ;    N2O. 

Paregoric.  Camphorated  tincture  of  opium;  contains  2  gr.  opium 
per  ounce. 

Paris  Black.    Finely  ground  animal  charcoal. 

Paris  Green.  Impure  Schweinfurth,  or  mitis,  green,  Cu(C2H302)2r 
3CUAS2O4. 

Paris  Violet.    Methyl-violet. 

Paris  Yellow.    Lead  chromate,  PbCr04. 

Patent  Yellow.    Lead  oxychlorid,  PbCl2,  7Pb0. 

Pearl-ash.  Crude  potassium  carbonate,  K2CO3,  calcined  in  a  furnace 
till  white. 

Pearl  Ointment.     Zinc  oxid  ointment. 

Pearl  Powder  or  White.     Subnitrate  or  subchlorid  of  Bi,  or  ZnO. 

Pearson's  Salt.     Sodium  arsenate,  Na3A804. 

Pectoral  Powder.    Pulvis  glycyrrhizse  compositus. 

Permanent  White.  Barium  sulphate  or  carbonate — not  darkened 
by  H2S. 

Phlogiston.    Hydrogen. 

Phosgene-gas.     Carbonyl  chlorid,  COCI2. 

Phosphonium.    PH4. 

Pink  Salt.     Stannic  chlorid  with  ammonium  chlorid. 

Pink  Saucers.     Carthamin,  a  red  dye  in  safflower. 

Plasma.    Glycerite  of  starch. 

Plaster  of  Paris.    Calcined  gypsum  or  calcium  sulphate. 

Plate  Pewter.  An  alloy  of  Sb  and  Sn  used  for  faucets  and  domestic 
utensils. 

Platinum  Black  and  Sponge.     Finely  divided  Pt. 

Plumbago.    Black  lead,  graphite,  a  form  of  native  carbon. 

Plummer's  Pill.  Compound  antimony  pill,  Sb2S3,  Sb203,  and  calo- 
mel. 

Poison-nut.    Nux  vomica. 

Pompholix.    Zinc  oxid,  ZnO. 

Potash.    Impure  potassium  carbonate,  K2CO3. 

Potassa.    Potassium  oxid  or  hydrate. 

Potato-oil.    Crude  amyl  alcohol. 

Pot-metal.    An  alloy  of  Cu  and  Pb. 

Pounce.    Powdered  gum  juniper. 

Powder  Blue.    Smalt,  azure. 

Precipitatum  Per  Se.    HgO. 

Preservaline  or  Rex  Magnus.     A  mixture  of  borax  and  boric  acid. 

Preserving  Salts.  Impure  Na2SOs,  used  by  wholesale  butchers  to 
preserve  meat. 

Preston  Salts.     Same  as  official  ammonium  carbonate. 

Prince*s  Powder.    Red  oxid  of  mercury,  HgO. 

Printers'  Ink.  Thoroughly  boiled  linseed-oil  varnish,  containing 
lampblack  or  other  color  and  a  little  soap. 

Proof-spirit.    The  old  name  applied  to  dilute  alcohol  50.8  per  cent.. 
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by  weight;    so  called  because  this  is  the  lowest  alcoholic  limit  with 
which  gunpowder  will  take  fire. 

Proprietary  Drops.    Comp.  tincture  of  aloes  or  of  myrrh. 

Prussian  Alkali.    Potassium  ferrocyanid. 

Prussian  Blue.     Ferric  ferrocyanid,  Fe4(FeCy6)8- 

Prussian  Brown.    Cu2FeCye« 

Prussic  Acid.    Hydrocyanic  acid,  HON. 

Puce  Oxid  of  Lead.    Brown  or  peroxid  of  lead,  Pb02. 

Pulvis  Albus  Romanis.    Carbonate  of  magnesium. 

Pulvis  Purgans.     Pulvis  jalapse  comp. 

Punk.  Amidou,  touchwood;  made  by  steeping  a  fungus  in  salt- 
peter solution,  and  then  drying  thoroughly. 

Purgative  Mineral  Water.     Liq.  magnesii  citratis. 

Purple  of  Cassius.  Pigment  made  by  mixing  solutions  of  AUCI3 
and  SnCl2;  probably  Au20Sn306;  used  in  red  pigments  for  glass  and 
china. 

Putty.    Mixture  of  whiting  and  linseed-oil. 

Putty  Powder.    Stannic  oxid,  Sn02. 

Pyroxilic  Spirit    Wood  alcohol. 

Queen's  Metal.    An  alloy  of  Sb,  Sn,  etc.,  used  in  jewelry. 

Quevenne*s  Iron.    Iron  reduced  by  hydrogen. 

Quicklime.    Caustic  lime,  CaO. 

Quicksilver.    Metallic  mercury. 

Raddle  or  Riddle.     Venetian  red. 

Radical  Vinegar.    Glacial  acetic  acid. 

Ratsbane.    Nux  vomica,  phosphorus,  arsenic. 

Red  Blister.     Unguentum  hydrargyri  iodidi  rubri. 

Red  Borax,     ferric  oxid. 

Red  Cerate.    Calamine  ointment. 

Red  Crocus.    Ferric  oxid. 

Red  Fire.  Sr(N08)2,  50  parte;  KCIO3,  25  parte;  powdered  shellac 
or  sugar,  25  parts;    mixed  without  friction  through  a  sieve. 

Red  I^ead.    Minium,  plumbosoplumbic  oxid  (PbO)2Pb02. 

Red  Oil.  Oleic  ^id  as  a  by-product  in  the  manuifacture  of  stearic 
acid  candles. 

Red  Precipitete.    Red  mercuric  oxid,  HgO. 

Red  Prussiate  of  Potesh.     Potessium  ferricyanid,  KsFeCy^. 

Red  Tartar.    Argols,  impure  cream  of  tartar. 

Regulus  of  Antimony.    Metellic  antimony. 

Regulus  of  Arsenic.  Metellic  As  obteined  by  reduction  of  A82O3 
with  powdered  C. 

Rex  Metallorum.    Gold. 

Rhodanid.     Sulphocyanate. 

Ricord*s  Paste.  A  caustic  made  with  cone.  H2SO4  and  powdered 
charcoal. 

•  Rinman*s  Green.    A  pigment  made  by  pptg.  a  mixture  of  zinc  and 

cobalt  sulphates  with  Na2C03,  and  igniting  ppt.  after  washing. 

Rochdale  Salt.    Tartrate  of  sodium. 

Roche  and  Roman  Alums.     Varieties  of  K  alum. 

Rochelle  Salt.    Potessium  and  sodium  tertrate,  KNaC4H406. 

Rook-oil.    Petroleum. 

Roll  Turpentine.    Resin,  yellow  wax  and  lard. 

Roman  Vitriol.     CUSO4. 

R08. ,  Honey. 

Rose  Pink.  Whiting  colored  with  a  decoction  of  Brazil  wood  and 
alum. 

Rouge.  Mineral:  finely  powdered  ferric  oxid.  Animal:  cannin 
and  chalk.    Vegeteble:    carthamin  and  chalk. 

Rufus  Pill.    Pil.  aloes  cum  myrrha. 

Rust.    Ferric  oxid  and  hydrate. 
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Sacred  Elixir.    Comp.  tinct.  rhubarb. 

Safety  Oil.    Petroleum  naphtha. 

SaiTron:  Of  Mars:  Fe  filings  and  S;  of  steel:  red  ozid  of  Fe; 
of  copper:    suboxid. 

Sal  Absinthii.     Potassium  carbonate. 

Sal  Alemboth.  Salt  of  wisdom;  double  chlorid  of  mercury  and 
ammonium,  NH2HgCl. 

Sal  Ammoniac.    Ammonium  chlorid,  NH4CI. 

Sal  Antihystericum.    Acetate  of  potassium. 

Sal  Catharticum.    Magnesium  sulphate. 

Sal  Chalybis.    Ferri  sulphas. 

Sal  de  Duobus.    Potassium  sulphate. 

Sal  Diureticus.    Potassium  acetate,  KC2H3O2. 

Sal  Eniximi.    Potassium  bisulphate,  KHSO4. 

Sal  Febrifugum.    Potassium  acetate. 

Sal  Marinum  or  Fossile.     Sodium  chlorid. 

Sal  Mirabile.    Sodium  sulphate,  Na2S04. 

Sal  Perlatum.     Sodium  phosphate. 

Sal  Polychrest.    Sal  de  duobus,  potassium  sulphate,  K2SO4. 

Sal  Pninelle.  Fused  saltpeter,  KNO3,  molded  in  small  balls  as  a 
remedy  for  cattle. 

Sal  Soda.    Impure  Na2C08,  containing  hydrate. 

Sal  Vegetabile.    Potassium  tartrate. 

Sal  Volatile.    Ammonium  carbonate  or  aromatic  spirit  of  ammonia. 

Saleratus.    Potassium  bicarbonate,  KHCO3. 

Salt.     Common  salt;    NaCl. 

Salt  of  Lemon  or  Sorrel.    Potassium  binoxalate,  KHC2O4. 

Salt  of  Magnus.    PtCl2,  2NH3. 

Salt  of  Mars  or  Steel.     Sulphate  of  iron. 

Salt  of  Phosphorus.    Microcosmic  salt. 

Salt  of  Saturn.    Lead  acetate,  Pb  ( 0211302)2' 

Salt  of  Tartar.  Pure  potassium  carbonate,  K2CO3;  so  called  be- 
cause sometimes  made  by  burning  cream  of  tartar  and  lixiviating  residue. 

Saltpeter.     Potassium  nitrate,  KNO3. 

Salts  of  Hartshorn.    Ammonium  carbonate. 

Salts  of  Sorrel.    KHC2O4.H2O. 

Saprol.  A  dark-brown,  oily  cresol  much  used  in  Germany  as  a  dis- 
infectant. 

Saturn's  Drops.     Liquor  plumbi  subacetatis. 

Saxon  Blue.  Geissen  blue;  mixture  of  Prussian  blue  and  alum- 
inum hydrate. 

Scarlet  Spirits.    Solution  of  stannous  nitrate. 

Scheele's  Acid.    Dilute  HON. 

Scheele*s,  or  Swedish,  Green.     Cupric  arsenite,  CuHAsOs. 

Schleich's  Solution  for  General  Anesthesia.  A  mixture  of  30  vol. 
chloroform,  80  ether  and  15  benzin;    b.p.,  107.4**  F. 

Schleich's  Solution  (No.  2)  for  Infiltration  Anesthesia.  Cocain 
hydrochlorid,  1%  grains;  morphin  hydrochlorid,  %  grain;  sodium 
chlorid,  3  grains;    distilled  water,  3%  fluidounces. 

Schlippe's  Salt.  Sodium  sulphantimonate,  Na3SbS4,  used  in  pho- 
tography. 

Schweinfurth,  or  Vienna,  Green.     Same  as  Paris  green. 

Scotch  Magnesia.    Magnesium  carbonate. 

Scotch  Soda.    Impure  Na2C03;   barilla. 

Sedative  Salt.     Boric  acid,  H3BO3. 

Seidlitz  Powder.  Compound  eflfervescing  powder:  Tartaric  acid 
(35  gr.)  in  white  paper;  Rochelle  salt  (120  gr.)  and  sodium  bicarbonate 
(40  gr.)   in  blue  paper. 

Seignette  Salt.    Same  as  Rochelle  salt. 

Shepherds'  Stone.    Bichlorid  of  mercury. 
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Shoe  Blacking.    Ivory  black,  molasses,  and  H2SO4. 

Shoemakers'  Black.    Ferrous  sulphate. 

Siccoles.    Castor-oil,  santal  oil,  etc.,  in  a  dry  form. 

Sienna.    Native  oxid  of  iron  used  as  a  red  pigment. 

Silent  Spirit.  Dilute  rectified  alcohol,  free  from  by-products  of 
fermentation. 

Silphine.    Asafetida. 

Smalt.    Powdered  glass  colored  blue  with  oxid  of  cobalt. 

Smelling  Salts.     Sal  volatile,  chiefly  ammonium  carbonate. 

Soda  Ash.    Crude  NajCOs. 

Soda  Saltpeter.    Sodium  nitrate,  NaNOg. 

Soda-water.     Water  charged  artificially  with  CO2  under  pressure. 

Soldiers*,  or  Troopers',  Ointment.     Unguentum  hydrargjrri  mitis. 

Soluble  Cream  of  Tartar.    Potassium  borotartrate. 

Soluble  Prussian  Blue.  A  compound  intermediate  between  ferric 
ferrocyanid  and  ferrous 'ferricyanid. 

Soluble  Starch.    Amylodextrin. 

Soluble  Tartar.    Potassium  tartrate. 

Soluble,  or  Water,  Glass.     Sodium  silicate,  Na2Si409. 

Sore  Throat  Balls.    Sal  prunella  balls. 

Sory,  or  Shoemakers',  Black.    Sulphate  of  iron. 

Speculum  Metal.    An  alloy  of  Cu  and  Sn. 

Speiss.    Impure  fused  nickel  arsenid. 

Spelter.     Commercial  zinc  or  an  alloy  of  equal  parts  Zn  and  Cu. 

Spiogeleisen.    Ferromanganese. 

Spirit  of  Bones.     An   impure  carbonate  of  ammonium. 

Spirit  of  Chloric  Ether.     Spirit  of  chloroform. 

Spirit  of  Hartshorn.  Solution  of  NH3  in  alcohol.  Ammonia  was 
formerly  made  from  horns  and  hides. 

Spirit  of  Mindererus.  Solution  of  ammonium  acetate,  made  by 
neutralizing  dilute  acetic  acid  with  ammonium  carbonate. 

Spirit  of  Niter.    Nitric  acid,  HNO3. 

Spirit  of  Salt.    Hydrochloric  or  marine  acid,  HCl. 

Spirit  of  Tartar.    Tartaric  acid. 

Spirit  of  Tin.    SnC^. 

Spirit  of  Vinegar.    Dilute  acetic  acid,  HC2H3O2. 

Spirit  of  Wine.  Rectified  ethyl  alcohol,  C2H5OH,  of  84-per-cent. 
strength. 

Spodium  Steatite.    ZnO. 

Spunk.     Touchwood,  amadou. 

Squibb's  Mixture.  One  ounce  each  tinct.  opium,  tinct.  capsicum  and 
spt.  camphor,  3  dr.  chloroform,  and  alcohol  up  to  5  oz. 

Steel  Drops.    Tincture  of  chlorid  of  iron. 

Steel  Fat.     Calomel  ointment  used  to  prevent  rust. 

Steel  Powder.    Carbonate  of  iron. 

Steel  Wine.    Wine  of  iron. 

Steinbuhl  Yellow.     Barium  chromate,  BaCr04. 

Stomachic  Tincture.     Tinct.  cardamomi  comp. 

Stone  Black.    Carbo  animal  is. 

Stone  Mercury.    Hydrarg.  chloridi  corros. 

Strike.     Liquor  ammonite. 

Stucco.    Calcium  sulphate,  CaS04. 

Sugar  of  Lead.    Lead  acetate,  Pb(C2H302)2* 

Sulphume.  Trade  name  of  anhydrous  sulphurous  acid,  liquefied 
by  cold  and  pressure,  and  supplied  in  hermetically  sealed  tins. 

Sulphurated  Antimony.  Mixture  of  Sb2S3  and  Sb20s,  used  in  vul- 
canizing rubber. 

Sulphuric  Ether.    Ethylic  ether,  (C2Hb)20. 

Surfeit  Water.     Liquor  ammon.  acetatis. 

Swedish  Cholera  Drops.    Mistura  opii  et  ipecac,  comp. 
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Sweet  Precipitate.    Mercuric  chlorid,  HgCl2. 

Sweet  Principle  of  Fats.    Glycerin  was  formerly  so  called. 

Sweet  Spirit  of  Niter.     Spiritus  setheris  nitrosi,  C2H6NO2. 

Talmi  Gold.    Alloy  of  Cu  and  Al. 

Tar  Balls.    Coal-tar  camphor,  naphthalene. 

Tar  Spirit.    Benzol,  CeHg. 

Tartar  Emetic.    Potassium  antimonyl  tartrate,  KSbOG4H40e. 

Tasteless  Ague  Drop.     Liquor  arsenicalis. 

Tasteless  Purging  Salt.    Sodium  phosphate. 

Tennant's  Bleaching  Powder.     Calx  chlorinata. 

Terra  Alba.  Argilla,  kaolin  or  bolus  alba,  a  white  argillaceous 
earth. 

Thenard's  Blue.    A  compound  of  the  oxids  of  Al  and  Co. 

Thenard's  Green.    Phosphate  of  cobalt. 

Thermit.  Mixture  of  granular  Al  and  oxid  of  Fe,  on  top  of  which 
are  placed  some  Mg  filings  mixed  with  Ba02 ;  lit  with  match ;  Al  deoxi- 
dizes Fe,  forming  corundum. 

Thieves'  Vinegar.    Aromatic  acetic  acid. 

Tin  Liquor.    Solution  of  SnCl4. 

Tin  Salt.     Tin-  ash  or  crystals:    stannous  chlorid,  SnCl2.2H20. 

Tincal.    Native  borax,  Na2B4O7.10H2O. 

Tombac.     Copper  alloyed  with  As  and  used  for  imitation  jewelry. 

Toothache  Crystal.    Chloral  hydrate. 

Toothache  Ice.    Phenol  and  collodion. 

Tooth  Powders.    Mostly  prepared  chalk. 

Torrington's  Drops.    Comp.  tinct.  benzoin. 

Tournesol.    Litmus,  laque  blue. 

Trip.    Colcothar. 

Tripoli.  Diatomaceous  earth,  chiefly  fine  silica,  used  as  a  polishing 
powder. 

Trona.    Native  sodium  carbonate,  Na2C03. 

Trona.    Sodium  bicarbonate. 

Troopers*  Ointment.    Calomel  ointment. 

Tully's  Powder.  Compound  morphin  powder:  1  part  of  morphin 
to  20  each  of  camphor,  licorice,  and  calcium  carbonate. 

Turnbuirs  Blue.     Ferrous  ferricyanid,  Fe3(FeCy6)2. 

Turner's  Cerate.     Calamine  ointment. 

Turner's  Yellow.    Lead  oxychlorid. 

Turpeth  Mineral.  Queen's  yellow,  subsulphate  of  mercury,  HgS04.- 
2HgO. 

Turnsol.    Litmus. 

Tutenag.    Zinc. 

Tutty.    Impure  zinc  oxid,  ZnO. 

Ultramarine,  or  Washing,  Blue.  Lapis  lazuli,  a  blue  pigment  com- 
posed of  sodium  sulphid  and  aluminum  sodium  silicate. 

Umber.  Sienna  or  chestnut  brown,  native  aluminum  silicate  with 
oxids  of  iron  and  manganese,  used  as  brown  paint;  darkened  in  tint  by 
burning. 

Unction.    Calomel  ointment. 

Uranium  Yellow.    Sodium  uranate,  NaO,  2UO3. 

Usquebaugh.  Distilled  and  sweetened  tinctures  of  mace,  saffron, 
orange,  and  citron  peels. 

Valangin's  Solution.     Solution  of  AS2O3  with  dilute  HCl. 

Vallet's  Mass.     Ferrous  carbonate  in  pill  mass. 

Van  Swieten's  Liquor.    Liquor  hydra rg.  bichlor. 

Varec.    Kelp,  or  ash  of  seaweeds. 

Vegetable  Alkali.    Caustic  potash. 

Vegetable  Black.    Finely  ground  wood  charcoal. 

Vegetable  Sulphur.    Lycopodium;    club  moss. 

Venetian  Red.    An  ocher,  the  color  of  which  is  due  to  ferric  oxid. 
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Venetian  Sublimate.    Corrosive  sublimate. 

Venus.    Alchemic  name  for  copper. 

Verdigris.     A  mixture  of  basic  copper  acetates. 

Verditer  Green.    Basic  copper  carbonate. 

Vermilion.    Artificial  mercuric  sulphid,  HgS. 

Victoria  Yellow.  Dinitrocresol ;  anilin  orange,  Victoria  orange; 
saffron  substitute  used  for  coloring  cakes  and  liquors. 

Vienna  Green.    Same  as  Schweinfurt  green ;  acetoarsenite  of  copper. 

Vienna  Paste.    Potassa  cum  calce. 

Vinegar.    Acetum,  or  dilute  acetic  acid. 

Vinegar  Essence.    Cone,  acetic  acid. 

Vinegar  of  Lead.  Liquor  plumbi  subacetatis,  a  solution  of  PbO  in 
Pb(C2H302)2  solution. 

Violet  Powder.    Pure  starch  scented  with  orris  root. 

Virgin  Oil.    Olive-oil. 

Virgin's  Milk.    Solution  of  benzoin. 

Vitrifiable  Earth.    Silica. 

Vitriolic  Acid.    H2SO4. 

Volatile  Alkali.    Ammonia. 

Volatile  Liver  of  Sulphur.    Ammonium  sulphid. 

Volatile  Salt  of  Urine  or  of  Vipers.    Ammonium  carbonate. 

Vomiting  Salt.    ZnSO^. 

Wade's  Drops.    Tinct.  benzoin  comp. 

Waken  Beggar.    Pulv.  hellebor.  alb. 

Warburg's  Tincture.  Tinct.  antiperiodica ;  contains  2  per  cent, 
quinin. 

Warming  Plaster.    Emplastrum  picis  cantharidatum. 

Washing  Blue.    Artificial  ultramarine,  or  starch  and  indigo. 

Washing  Soda.    Sodium  carbonate;    Na2C03. 

Whisky.    Spiritus  frumenti. 

White  Acid.    A  mixture  of  HF  and  NH4F  used  for  etching  glass. 

White  Arsenic.    Arsenous  oxid,  AS2O3. 

White  Iron  Pyrites.    Marcasite,  ¥^2- 

White  Lead.    Basic  lead  carbonate,  (PbC08)2Pb(HO)2. 

White  Metals.  Alloys  of  Ni  with  Cu  and  Zn:  albata,  British  plate, 
electrum,  pakfang,  tutenag,  white  copper,  etc. 

White  Precipitate.    Ammoniated  mercury,  NH2HgCl. 

White  Tartar.    Cream  of  tartar. 

White  Vitriol.    Zinc  sulphate,  ZnSO^. 

White  Zinc.     ZnCOs  ( ZnO )  2.3H2O. 

Whitewash.    Liq.  plumbi  subac.  dil. 

Whiting.    Prepared  chalk,  CaCOa,  or  white  clay. 

Wine  Stone.    Argol. 

Wonderful  Salt.     Sodium  phosphate. 

Wood-oil.    Gurgun  balsam. 

Wood-spirit,  or  Naphtha.     Methyl  alcohol,  CHsOH. 

Wood-vinegar.     l*yroligneous,  or  impure  acetic,  acid. 

Wool-fat.    lanolin. 

Yeast.    Cerevisia;    fermentum. 

Yelk  of  Egg.    Vitellus. 

Yellow  Ointment.     Unguentum  hydrargyri  nitratis. 

Yellow  Metal.     Brass. 

Yellow  Pigment.    Lead  chromate,  PbCr04. 

Yellow  Prussiate  of  Potash.    Potassium  ferrocyanid,  K4FeCy6. 

Yellow  Ultramarine.     Barium  chromate,  BaCr04. 

Yellow  Wash.  Mercuric  oxid,  HgO,  made  by  adding  HgCl2  to  lime- 
water. 

Zaflfre.    Impure  cobaltous  oxid  from  roasting  sand  and  ore. 

Zinc  Blende.    Native  ZnS. 

Zinc,  or  Chinese,  White.    Zinc  oxid,  used  as  paint. 
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COMPOSITION  OP  CERTAIN  PROPRIETABY  REMEDIES. 

Anesthetics,  Local.  —  Acoin,  diparaaniByl-monophenetyl-guanidin 
hydrochlorid,  (CH30.C6H4NH)2:C:NC6H4.0C.H5;  alypin,  hydrochlorid 
of  benzoyl-tetramethyl-diamino-ethyl  isopropyl  alcohol^  ( CHs )  2N.CH2.C.- 
C2H5.C6H5COO.CH2.N(CH8)2HCl;  anesthesin,  paraamidoethyl  benzoate, 
C6H4NH2COOC2H5;  chloretone,  acetone  chloroform,  C.CCI3.CH8.OH.CH3 ; 
coryfin,  menthol  ethyl  glycolic  ester,  C10H19O.OOCH2.OC2H5;  dentalon, 
saturated  solution  of  chloretone  with  oils  of  clove,  wintergreen  and  cin- 
namon; eucain  /3,  Cir»H2iN02;  holocain,  paradiethoxvethenyldiphenyl- 
amidin,  CH3C:  (N.C6H40C2H5)NH.C6H40C2H5;  kelene,  ethyl  chlorid, 
C2H5CI;  nervocidin,  an  alkaloid  from  the  Indian  Gasu-Basu;  neuro- 
caine,  billets  containing  5  mg.  cocain  hydrochlorid;  nirvanin,  diethyl- 
glycocoll-p-amido-oxvbenzovl-methyl  ester  hydrochlorid,  HC1(C2H5)2N.- 
CH2.CO.NH.CfiH3(OH).COOCH3;  novocain,* hydrochlorid  of  paraamino- 
benzoyl-diethyl-aminoethanol,  CflH4NH2.COO.C2H4.N  ( C2H5 )  2 ;  obtundo, 
contains  chloretone,  cocain,  nitroglycerin,  thymol,  menthol  and  oils  of 
cloves,  wintergreen  and  eucalyptus;  stovain,  diethylamino  benzoyl- 
dimethyl-ethyl-carbinol  hydrochlorid,  CeHsCO  ( CHg )  CO  ( C2H5)  CH2.N- 
(CH3)2.HC1. 

Anesthetics,  General.  —  Anesthol  (Meyer),  a  mixture  of  chloro- 
form, ether  and  ethyl  chlorid;  somnoform  (narcoform),  ethyl  chlorid 
60,  methyl  chlorid  35,  and  ethyl  bromid  5  parts. 

Alkalizers  ("ITric  Acid  Remedies").— Alkali thia,  caffein  1,  Li2C03 
5,  sodium  and  potassium  bicarbonate  10  each,  mixed  with  35  parts  of  an 
effervescent  salt;  Eno*8  fruit  salt,  NaHC03,  tartaric  and  citric  acids; 
piperazin,  diethvlendiamin,  HN(C?H2)2:  (CH2)2NH;  sidonal,  piperazin 
quinate,  NH(C*H2.CH2)2NH.C6H7(OH)4COOH;  thialion,  mixture  of 
sodium  sulphate  and  citrate  with  small  amounts  of  Li. 

Antiseptics  and  Disinfectants. — ^Asaprol  (abrastol),  calcium  beta- 
naphtol-monosulphonate,  Ca(CioHQ(OH)S03)2.3H20;  aseptol,  a  33-per- 
cent, solution  of  sozolic  ( or thophenolsul phonic)  acid;  cerevisine,  pure 
desiccated  yeast;  cresylone,  contains  50  per  cent,  cresol;  euthymol, 
contains  oils  of  eucalyptus  and  wintergreen,  fluidextract  wild  indigo, 
boric  acid,  menthol  and  thymol;  formalin,  40-per-cent.  solution  of  for- 
maldehyd;  germicidal  soap,  contains  1  or  2  per  cent.  Hgl2  with  hard 
or  soft  soap;  lysol,  alkali  compounds  with  heavy  oil  of  tar  (cresols) ; 
microcidin,  fused  mixture  of  naphtol  and  caustic  soda;  pasteurine, 
formaldehyd  and  glycerin;  phenol  sodique,  contains  47  gr.  phenol  and 
8  gr.  NaHO  to  an  ounce  of  water;  sanitas,  oxidation  product  of  tur- 
pentine; septoform,  formaldehyd  and  higher  phenols  in  an  alcoholic 
soft  soap;  solveol,  cresols  dissolved  in  sodium  cresotate;  sublamin, 
mercuric  sulphate  ethylene  diamin,  HgS04(CH2NH2)2-2H20;  tachiol, 
silver  fluorid,  AgF;    vapocresolene,  crude  carbolic  acid. 

Alteratives. — ^Arrhenal  (arsynal),  sodium  methyl  arsenite,  OASCH3- 
02Na2.5H20;  arsycodile,  sodium  cacodylate;  atoxyl,  meta-arsenic-anilid, 
CfiH5NHAs02;  calcidin,  calcium  iodid,  iodin,  CaO  and  starch;  can- 
croin  (cancer  serum),  phenolneurin  citrates;  cypridol,  Hgl2,  1  per 
cent,  in  oil;  ecthol,  contains  echinacea  angustifolia  and  thuja  occiden- 
talis;  echitone,  contains  echinacea,  viola  and  iris;  eigons,  compounds 
of  I  and  Br  with  albumin;  enesol,  salicylarsenite  of  mercury;  eusoma, 
echinacea  compound ;  iodalbin,  iodin  albumin  compound ;  iodia,  extracts 
of  green  roots  of  stillingia,  helonias,  sa^cifrage  and  menispermum; 
iodipin,  iodized  sesame  oil  containing  10  per  cent.  I;  mercauro,  bromids 
of  Au,  As  and  Hg;  sajodin,  monoiodobehenate  of  calcium;  Truneck's 
serum,  contains  Na2S04,  NaCl,  Na2HP04,  NaoCOs,  K2SO4  and  water. 

Analgesics,  Anodsmes  and  Antipyretics. — ^Ammonol,  phenalgin, 
contains  acetanilid,  NaHCOs,  ammonium  carbonate  and  anilin  yellow; 
analgesin,  a  citrat>ed  antipyrin-caffein  mixture;  antikamnia,  contains 
phenacetin,  caffein,  citric  acid  and  NaHCOa;    exalgin,  methyl  acetanilid. 


PROl'RIKTARY  REMEDIES. 


H37 


C„HBN.CHa.COCH.,;  hemitranin,  phenacetia,  oaffein  and  citric  acid; 
knoflne,  methosyacet^p-phenelidin,  CH3.OOH2C0.\H.CBa,0C»Ha.H..0; 
lactophenin,  kctylphenetidin.  CflH4(OCsH«)  (NH.CHfl.CHOH.CO)  ;  meth- 
acetin,  paraoiynietiij'Ucetajiilid,  CeH4(OCH3)NH.COCH.^;  migrainin, 
antiprrin-cafTi^in  citrate;  narcyl,  chiorlirdrate  Of  flhyi  narcein;  papine. 
nn  opiate;  phcnacetin,  acctphenetidin,  CoH^fOCuHnl.NH-CHn.CO;  pyr- 
amidiun.  di methyl-am ido -anti pyrin,  CtsHirNsO',  salfeno.  acetuiilid  and 
NhHCOji;  svapnia,  purified  opium;  thermol,  ac«tyl-ialicyt-phenetidin, 
CBH4NH.CeH40.COCHa.CX).OC2Ua.3HiO. 

AiitlbleiiiiOTThailct.— Arbovin,  «st«roE  thymol  benzoic  aoidi  belaal, 
rarbonic  acid  ester  of  santalal;  gono^n,  kBwa<ianlal ;  methyl  aantal; 
santyl,  Balirylate  ot  saotal,  CflH40H.COOC,aH23, 

AntfThenmatles  and  AntinenralKlcs.  — Aspirin,  acetyl  salicylic 
aeid,  QHi.O ( CH3CO ) COOII ;  betulol,  contnins  methyl  Balicytatej  cai- 
mlith,  contains  colchiein  and  salts  of  Cu  and  Li;  citarin  (areein),  neu- 
tral sodium  salt  of  dibasic  anhydromethylenc  citric  acid,  (CHn.COONa}.- 
CO.ICHs.O.COj.CHj.COON'a;  colchisal,  colcbicin  and  methyl  salicylate; 
liqueur  de  Laville,  quinin  and  colcbicin-,  lyaidin,  elhylene-etheayl-diamin 
hydrochlorid ;  melachol,  Na2HP04.  NaNOj.  citric  acid  and  water; 
novaapirin,  methvlene  citric  acid  eater  of  salicylic  acid,  CH2 ( COj-CnH^- 
COiH).C(O.CH2.COO).CH2(C05..C8H,COaHh  rhenmagon,  like  mela- 
chol; salacetin,  phenylamin  aceto  salicylate;  salitJFnin  (diathesin), 
ortho  oxybenxyi  alcohol,  CeH4HO.CH1.OH ;  salit,  salicylic  acid  ester  of 
borneol,  C](|Hi70.CO.CeH40H ;  saliptiin.  antipyrin  salicylate;  salocoll, 
phenocoll  salicylate,  CbH4(OC2Hs)NH.COCHj.NHj.CtHb03;  salophen, 
acetyl-p-amido-salol.  CsHjfOHlCOO.CgHt.NHOOCHs;  aaloquinine,  CdH,- 
OH.COO.CjoHjjNaO ;  sidonal,  piperaiin  quinate,  CigHs^SjOij;  spiro- 
torm,  ace^l-phetiyl-o-oxybcnzoio  acid,  CsH,(0.CH,CO)COOCbH5;  spi- 
rosBl.  salicylic  monoglyeol  ester.  CHH4lOH)COO.rH,CH50H;  tongaline, 
contains  cimicifuga,  colcbicin,  pilocarpin  and  salicylic  acid. 

ATtUtcial  Foods  and  Snbatitntei. — Aleuronat,  wheat  gluten;  nnti- 
diabetin,  saccbarin  and  mannite;  bovinin«,  dried  beef  blood;  diabetin, 
levulose  or  fructose:  dulcin  (aucroll.  paraphenctol  carbamid,  COfNHj). 
NH.CnHjOCiHa ;  ferrosomatose.  aomatflse  rantaining  2  per  cent.  Pe-, 
gainntose  and  glusid,  saccharin ;  kefir,  matzoon,  koumiss,  fermented 
milk;  lactosomatose,  albumins  of  milk  with  6  per  cent,  tannin;  malt«d 
milk,  made  from  Bour  baked,  mixed  with  milk  or  cream  and  then  dried 
and  malt  added;  mealox,  cone,  beef  powder;  Mellin's  food,  made  by 
mining  equal  parts  of  wheat  flour  and  barley  malt  with  bran  and 
KHCOg:  nutrosc,  acid  Na  salt  of  casein;  panopcpton,  made  from  whole 
wheat  and  lean  beef;  peptonoids.  predigested  beef,  milk  and  wheat: 
plssmon,  freshly  pptd.  casein;  protogen,  made  by  heating  egg-albumin 
with  formaldehyd;  roborat.  a  dextriniied  albuminoid  prepared  from 
wheat,  com  and  riee;  aanoae,  casein  and  albumoae;  somatose,  albu- 
moeea  iind  peptone;  aycose,  sacchorin;  tropcm.  degelatinised  flesh 
treated  with  HjOm. 

CardUnta. — Digalcn,  soluble  digltoxin;  digitalon,  active  principles 
of  digitalis;  erythrol  lelmnitrate,  C^Hn. ( ONO; I « ;  hydragogin,  contains 
digitalis,  squill,  strophanthus  and  oxvsnponin;  oxaphor  (oxycamphor), 
C.fiHisO,. 

Catarrhal  Bemedles.^Forman,  chiorniethyl-menthyl  ether;  glyco- 
thymoline.  contains  borax,  henioic  and  salicylic  acids,  menthol,  thymol. 
Betula  lenta,  Pinua  pumilio,  glycerin  and  alcohol;  menlhoform,  chlor- 
methy]-menthyl  ether  with  an  equal  amount  of  vaselin;  menthoxol,  n 
per  cent.  H^Os  containing  1  per  cent,  menthol  and  3  per  cent,  alcohol; 
rbinalum  wafers,  contain  alum,  HgCl^.  hydrastin,  formaldehyd.  lanolin, 
menthol  and  cacao  butter. 

Cholagogs. — Thologestin,  contains  sodium  glycoeholate  and  salicy- 
late, paniTcalin.  NnHCO,  and  alcohol;  eunatrol.  acid  sodium  oleate; 
pancrobilin,   gall   and   pancreatin   extract;     probilin,   oontains   salicyli)! 
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acid,  sodium  oleate  and  stearate,  menthol  and  phenolphthalein ;    veraco- 
late,  cholic  acid  with  cascara  sagrada. 

Clay  Poaltices.  —  These  owe  their  hygroscopic  properties  to  the 
contained  glycerin.  They  have  a  number  of  names,  such  as  antiphlogis- 
tine,  kaolinite,  kaotol  and  marach. 

Cod-liver  (and  other)  Oil  Preparations.  —  Hydroleine;  egmol, 
lofotol,  morrhuol,  morrhuvin,  ozomoru,  Russell's  emulsion,  sevetol, 
Scott's  emulsion,  etc. 

Coagh  Bemedies. — Dionin,  ethylmorphin  hydrochlorid,  C17H17NO' 
(OH)  (0C2H5)HC1.H20;  heroin,  diacetyl  morphin,  CijHiTNOCO.CHg.- 
00)2;  herotone,  contains  heroin,  guaiaconic  acid,  benzoic  acid  and 
terpin  hydrate;  ktigloids,  contain  quinin  glycerophosphate  and  ben- 
zoated  creosote  and  eucalyptol;  peronin,  morphin-benzyl  ester  hydro- 
chlorid, Ci7HigN02.0.CH2CeH5.HCl;  pertussin,  compound  syrup  of 
thyme;  rami  syrup,  syrup  of  bromoform;  tussol,  phenyl -glycol-anti- 
pyrin. 

Connter-irritants.  —  Capsolin,  capsicum,  camphor,  and  oils  of 
cajuput,  turpentine  and  croton;  mesotan,  methoxymethyl  ester  of 
salicylic  acid,  C6H4  ( OH )  CC)OCH20CH3 ;  monotal,  methyl-glycolic  acid 
ester  of  guaiacol,  CeH4(CH3)O.OC.CH20.CH3;  veratrol,  dimethyl -pyro- 
catechin,  C6H4(OCH3)2. 

Dentifrices.  —  Dental,  menthol  and  thymol;  dentaline,  thymol, 
borax,  baking  soda,  ext.  catechu  and  oil  of  peppermint;  listerine,  con- 
tains constituents  of  thyme,  eucalyptus,  baptisia,  gaultheria,  mentha 
arvensis,  and  benzoboracic  acid;  odol,  contains  salol,  saccharin  and 
peppermint  in  alcohol. 

Digestants.  —  Caroid,  papain;  cellulin,  a  ferment  derived  from 
fungi;  diazyme  essence,  amylolytic  enzyme  of  pancreas;  enzymol,  sterile 
gastric  juice;  felsin,  contains  fel  bovis,  pepsin,  pancreatin  and  capsicum; 
fermenlactyl,  pure  lactic  ferment;  holadin,  extract  of  entire  pancreas 
gland;  ichthalbin,  ichthyol  albumin;  lactopeptine,  contains  milk  sugar, 
pepsin,  pancreatin,  diastase,  HCl  and  lactic  acid;  lactone,  lactic  acid 
bacilli;  maltzyme,  cone,  extract  of  malt;  orexin,  phenyl -dihydro-quina- 
zolin  tannate,  C14HX2N2.C14H1QO9 ;  pankreon,  a  pancreas  extract  (with 
tannin)  which  resists  gastric  digestion;  papain,  papayotin,  papoid, 
digestive  ferment  of  papaw  (plant  pepsin)  ;  pegmin,  mixture  of  rennin 
and  lactose;  peptenzyme,  nuoleoenzymes  of  all  alimentary  glands; 
phaselin,  active  constituent  of  bean  of  Dilkos  Mexicano;  seng,  an 
extract  of  Panax  schinseng;  takadiastase,  a  ferment  obtained  through 
action  of  spores  of  fungus  aspergillus  orizse  on  steamed  rice. 

Diuretics.  —  Agurin,  sodium-theobromin  acetate,  C7H7N402Na -j- 
CHsCOONa;  anasarcin,  contains  active  principles  of  Ox^'dendron  arbo- 
reum,  Sambucus  Canadensis  and  Urginea  scilla;  diuretin,  sodium-theo- 
bromin sodium  salicylate;  hydragogin,  contains  tincts.  digitalis  and 
strophanthus,  scillipicrin,  scillitoxin  and  oxvsaponin;  lycetol,  dimethyl- 
piperazin  tartrate,  NH.(CH2CHCH3)2:NH.C2H2.  (0H)2.  (000H)2;  piper- 
azin,  diethylene-diamin  (ethylenimin,  dispermin) ;  sanmetto,  true 
santal  and  saw  palmetto  in  an  aromatic  vehicle;  theocin  (synthetic 
theophyllin),  dimethylxanthin ;  tritipalm,  saw  palmetto  and  triticum 
repens;    xanol,  sodium-caff ein  salicylate. 

Dusting  Powders.  —  Airol  (airoform),  bismuth  oxy iodogallate ; 
alumnol,  aluminum-beta-naphtol  disulphonate,  Al2(Ci0H5(OH)  (303)2)89 
aristol,  dithymol  diiodid;  boral,  aluminum  borotartrate;  calomelol, 
colloidal  or  soluble  calomel;  dermatol,  bismuth  subgallate;  dermogen, 
contains  65  per  cent.  Zn02;  dermol,  bismuth  chrysophanate,  Bi(Ui5- 
Oo04)2Bi203;  dolomol,  magnesium  stearate;  emulgates,  prepared  from 
equal  parts  of  oils  and  lecithalbumins;  europhen,  isobutyl-orthocresol 
iodid,  C6H3(C4H9)(CH3)(OI).CoH2(CH3)(:0)C4H9;  glutol  (gluto- 
form),  formaldehyd-gelatin;  iodoformin  ( iodoformolin ) ,  hexamethyl- 
enetetramin-iodoform,  CHI3  ( CH2 )  eN4 ;    iodol,  tetraiodopyrrol,  C4I4NH; 
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iodomiith,  bismuth  oxyiodo-methvlene  digallotf;  noaophen,  tetriii<>do- 
phenol phthalein,  CgH^.CO.C.O.lCjHjI/)!!.!,;  or^hol,  basic  beW-naphtol- 
biBtnuth,  (CjoH^OIiiBi.SHoO;  orthoforni,  p-amido-m-oxybenioip-methvl 
ester,  CaH3.(COO.CH3)  (NHg)  (OH)l:4:3;  sanoform  (iodozon),  diioab- 
salio'ltc-mctbj'I  P»ter,  CqUzIs  ( OU  )  COOCH^ ;  soEoiodoU,  hiIIb  of  paraindo- 
phenol  aulphonic  ocid,  Cgllg.OH.SOgH ;  thiolorra,  basic  ditliional  icy  late 
of  bismuth.  2(S.CoH3(OH)COOBiO)  +  BiaOj.aHsO;  Tyree's  ajitiseptio 
powder  containH  borux,  nlutn.  glycerin,  phenol,  thymol,  menthol  and  win- 
tcrgreen ;  vioform  (nioform ) ,  iodchlor-oxyqiiinoliD,  CsHgN-OH-I-Ci ; 
xeroform,  t Hbrom- phenol -biam nth.  (CqHiBrgOH  Ij.BijOj. 

EmmenaKOiTi. — Ergoapiol,  c^ontuins  apiol,  ergotin.  sloin  and  oil  of 
savin;  ergonc,  purified  extract  of  er^t,  preserved  with  chloretone; 
ergolole,  each  minim  represents  2Vj  gr.  ergot. 

Hematinlc*. — Camiferrin,  iron  salt  of  phoapho-afids  of  meat; 
fermang,  peptonnte  of  Fe  and  Mn;  ferratin,  ferric  albuminate:  ferra- 
togen.  iron-nuelein ;  ferro^oraatOBe,  meat  albumoses  with  2  per  cent.  Fe; 
hemaboloida,  alkaline  l-pcr-cent.  solution  of  iron  peptonate;  hematugen, 
hemoglobin  in  aromatic  exripient:  hemol,  reduced  hemoglobin;  hemo- 
quinine,  combination  of  Fe.  Mn,  Aa  and  quinin;  marsyle,  iron  cacody- 
late;  neofermm,  maltopeptonate  o(  Fe  and  Mn  with  a  little  Aa  in 
maltjne  and  sherry  wine;  peplomangan,  Fe  and  Mn  in  combination  with 
pepton;    triferrin,  ferric  paranudeinote. 

Kypnotlci  and  Sedatives. — Acetal,  etbylidene-diethyi  ether,  CHg- 
CHiCjB-iOlj;  bromidia,  contains  chloral  hydrate,  NaBr,  eit,  hyoacya- 
mus  and  ext.  cannabis  Indica;  chloretone.  acetone  chloroform;  hedonal, 
methyl-propyl-enrbinol-urethane,  CO  ( NHj)  OCH.  ( CHg )  CgHj ;  hypnal, 
monochloral  antipyrin.  CiiHi2N20.CCisCH(OH)2;  neuritla,  active 
principles  of  Scutellaria;  neuronal,  di ethyl -brom-acetamid,  (C](H(j)j- 
(Brl.CONHa;  neuronidia,  veronal  elixir;  somnos,  glycerin  and  chloral 
hvdrate,  CjHuOoCIo;  sulphonal,  diethyl-aulphon-dimethyl-methane, 
(CH3)2.C.|SOnC2Us)2;  tetronnl,  diethyl-sulphon-diethyl-methaae,  (Cj- 
Hfl}3.C.(C3MB8Ui)i:  trional.  diethvl-sulphon-methyl-ethvl-mpLbane, 
CH3.C2Hb.C.(C2HbS02)3;  urethane,  carbamic  ethyl  eater,  COfNHa),.- 
OCjHb;  validol,  menthol  and  valeric  acid;  veronal,  diethyl-malonvl- 
urea.  CO(NH,CO)j:C:  (CzHjIj. 

iBtemal  Sesretlons  and  Senuni. — Adnephrin,  adrenal,  adrenalin 
and  adrin  are  namcB  given  to  the  ItIDOO  solution  of  adrenal  active 
principle;  antithyroidin.  serum  from  blood  of  sheep  deprived  of  thyroid 
gland;  basedowsan,  similar  to  antithyroidin;  epinephrin  and  epirenan, 
similar  to  adrenalin;  nephritin.  prepared  from  kidney  cells;  oSphorln 
and  nvarin,  prepared  from  ovaries  of  cows;  paranephrin,  an  adrenal 
product;  poltantin.  a  hay  fever  serum  prepared  by  introducing  pollen 
of  the  graminaceie  into  the  blood  of  animals;  protonuclein,  prepared 
from  gland  cells;  rodagen,  serum  prepared  from  milk  of  goata  from 
which  the  thyroid  gland  has  been  removed;  scarlatin,  a  scarlet  fever 
serum  prepared  from  immunised  animals;  suprarenin,  same  as  adre- 
nalin; thyreoidectin.  derived  from  blood  of  animals  from  which  thy- 
roid gland  has  been  removed;  thyreoidia,  thyroid  extract;  trypsogen, 
said  to  contain  enzyme  of  islands  of  Langprhaus  with  tryptic  ajid  amylo- 
'"""  "lancreatie  ferments. 

Inteatinal  Antiieptlci.  —  Acetozone  (bcnzozone),  beneoyl -acetyl 
peroxid.  CsHaCO.O.O.CHsCO ;  alphol,  alpha-naphtol  aalicylate,  C,oH-0.- 
CO.C0H4.OH;  alphoBone,  succinic  dioxid,  (rOOH.CHjCHjCOljOa:  ben- 
xonaphtol,  napbbol  beoKoate,  CgHsCOOCjoR^ ;  benzosol,  guaiacol  ben- 
wiat*.  CflJiiOCHs-COO.CgHis:  betol,  salinaphloj,  CflH^Ofl.COOCioHt ; 
blsmal,  bismuth -methylene  digallate.  4Ciiiiii20in  +  3Bi  (OH ),;  bismu- 
tan,  contains  biamutJi,  resorcin  and  tannin;  bisol,  soluble  bismuth 
phosphate;  calolactose,  bismuth  subnitrate,  calomel  and  lactose;  creosal 
(tanosal),  creosote  tannale;  cr«>snlMl,  rrcosots  carbonate;  eudoxia, 
bismuth  nosopbenate;  geosot, guaiacol  valeratt?,  CgHffOCHglO.CO.CtHg; 
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glycozone,  glycerin  saturated  with  ozone;  guaialin,  guaiacol,  benzoin 
and  formaldehyd;  guaiamar  (oreson,  oresal),  guaiacol-glyceryl  ether, 
C6H4(OCH3)OCH2.CHOH.CH20H;  salacetol  (saUntol),  salicylic  acetol, 
C6H4(OH)COO.CH2COCH3;  stjracol,  guaiacol  cinnamate,  CeH4.0CH3.- 
O.OC.CH :  CH2OH ;  tricresol  (enterol),  a  mixture  of  ortho-,  meta-  and 
para-  cresols. 

Laxatives. — Kasagra,  palatable  fluidextract  of  cascara;  lapactic 
pills,  aloin,  strychnin,  belladonna  and  ipecac;  laxatol,  phenolphthalein ; 
laxol,  castor-oil  sweetened  with  saccharin;  prunoids,  phenolphthalein, 
cascara,  ipecac  and  prunes;  purgatin  (purgatol),  diacetyl  ester  of 
anthrapurpurin,  Ci4HeOH(CH3CO.O)202;  purgen,  phenolphthalein; 
sal  hepatica,  Rochelle  salt  with  Li  and  Na  phosphate;  salithia,  MgS04, 
sodium  tartrate  and  a  Li  salt. 

Hydriatics. — ^Eumydrin,  atropin  methyl  nitrate;  euphthalmin, 
hydrochlorid  of  phenyl-glycolyl-n-methyl-beta-binyl-diacetone  alkamin, 
C17H25NO3.HCI. 

Nerrines. — ^Bornyval,  bomyl  valerate,  O10H17.O.C5H9O ;  bromalin, 
hexamethylentetramin-bromethylate,  ( CH2 )  6N4C2H5Br ;  bromocoll,  brom- 
tannin  pptd.  with  gelatin;  celerina,  contains  celery,  kola,  viburnum  and 
coca;  hysterol,  bomyl  valerate;  nervine,  sodium  glycerophosphate;  neu- 
rilla,  fluidextract  of  Scutellaria  with  aromatics;  sanatogen,  casein  and 
sodium  glycerophosphate;  tonols,  preparations  of  glycerophosphates; 
validol,  menthol  valerate,  C10H19.O.CO.C4H9 ;  valyl,  valeric  acid  diethyl- 
amid,  C4H9.CO.N  ( C2HB )  2. 

Nuoleinates.  —  Cuprol,  copper;  ferrinol,  iron;  histogenal,  nu- 
cleinic  acid  and  sodium  methylarsenate ;  mercurol,  mercury;  nargol, 
silver. 

Ointments  and  Lubricants. — Lubraseptic,  Irish  moss,  formaldehyd, 
boric  acid,  etc. ;  resorbin,  ointment  vehicle  made  by  emulsifying  almond- 
oil  and  water  by  means  of  yellow  wax  and  gelatin,  to  which  some  lanolin 
is  added;  unguentine,  contains  alum,  phenol,  ichthyol  and  a  petrolatum 
base;  unguentum  Crede,  10  per  cent,  ointment  of  collargolum;  vasogen, 
partially  oxidized  mineral-oil  base  for  ointments;  albolene,  benzoinol, 
cosmolene,  glymol,  lavolin,  petrolene  and  terraline. 

Oxidizers. — Biogen  ( hopogan ) ,  magnesium  peroxid,  Mg02 ;  calcium 
peroxid,  Ca02;  calox,  evolves  2  per  cent.  H2O2;  ectogen,  zinc  peroxid, 
Zn02;  gorit,  Ca02;  hydrozone,  H2O2  solution  of  9  per  cent,  strength: 
oxone  (oxylith),  cubes  of  sodium  peroxid;  perglutyl,  H2O2  solidified 
with  gelatin  and  glycerin;  perhydrol,  30  per  cent.  H2O2;  peroxoles 
(menthoxol,  camphoroxol,  thymoxol,  naphthoxol),  alcoholic  solutions  of 
camphor,  menthol,  naphtol  and  thymol  containing  3  per  cent.  H2O2; 
pyrozone,  3  per  cent.  (10-volume)  H2O2  solution. 

Parasiticides. — Epicarin,  betaoxynaphthyl-orthooxymetatoluic  acid, 
C6H3.0H.COOH.CH2(CioHeOH) ;  eudermol,  nicotin  salicylate,  CioHi4- 
N2.C7He03. 

Quinin  Substitutes.  —  Aristochin,  diquinin  carbonate,  (C20H23- 
^20)2003;  basicin  (corticin),  one-third  caffein  and  two-thirds  quinin 
hydrochlorid;  euchinin,  quinin  carbonic  ethyl  ester,  C2H5.O.CO.O.C20" 
H23N2O. 

Besolvents. — Fibrolysin,  thiosinamin  with  %  mol.  sodiumi  salicy- 
late; iothion,  biiodohydroxypropane;  thiol,  prepared  by  sulphurating 
parafTin-oil  by  heating  with  10  per  cent.  S;  thiosinamin  (rhodallin), 
allyl-thiourea,  CS.NH2.NH.C3HB. 

Silver  Products. — ^Albargin,  silver  gelatose;  argentamin,  ethylen- 
diamin  silver  phosphate;  argentol,  silver  oxychinoseptolate,  CgHj^N- 
(0H)S03Ag;  argentose,  silver  and  nucleoproteid ;  argonin,  silver- 
casein;  argyrol,  silver  vitellin;  collargol,  colloidal  silver;  novargan, 
silver  albumin;    protargol,  protein  silver  (8.3  per  cent.). 

Skin  Bemedies. — Endermol,  mixture  of  stearic  amid  with  paraffin 
hydrocarbons;     lanogen,   mixture  of   vaselin   and   wool-fat;     lenigallol, 
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AbM  condenser,  40 
Abrastol,  373 
AborUon,  400 

Absintliin.  2i>0 

Al>»o)ulr'  mil  Rnd  temperature,  10 

Absorpti' 


of  g 


,  19 


Acetalfl,  233 
Acetamid,  268 

AcetanJlM,  269,  382 

poisoning.  -IIU.  429 
Acetates,  192 
Acetic  acid.  iH.J.  390,  436 
Acetone,  'I'Si 
Acetonuria,  568 
Acetylene,  213 
Acid,  finding,  305 
Acidimetrj-,  318 

Adds,   91 " 

and  salts,  preliminary  test,  30!) 
Aconite  poisoning,  418 

tests,  418 
Aconitin,  276,  325 
Acouslic>t,  72 

Acromegnli.  171 

Actinism.  42,  116 

Action   o     s\iT,    light   and    stmos- 
piipric  heat,  350 
of  air  on  metals,  114 
of  meluls  on  water,  114 

Activators,  472 

Acute  poisoning,  393 

Adenin,  43S 

Adhesion,  5 

Adiabntic  rlianges,  27 

Adipocere,  230,  440 

Adontdin,  257 

Adrenalin,  471 

Adrenoxin,  453 

Adsorption,  32 

Adulterants  imd  sophisticants,  369 

Agar-iisnr.  2o3 

Agaricin,  257 

Agglutination,  617 

Air,  139,  355,  495 

Albuminnti's.  280,  284 

Albuminoid  nninionia,  304 

Albuminoids,  283 

Albutninomt'ter,  500 


'   Albumins,  280 
I   Albuminuria,  557 
'       differentiation,  562 
emulsion,  560 
source  of,  501 
'   Albumoid,  233 
f  Albumoses,  2S 
I   Albumosuria,  500 

Alcohol,  225.  382,  604 
poinoninR.  413,  427 

Alcohols,  224 

Aldehyds,  232 

Aliphatii;  compounds,  210 

Alizarin,  219,  202 

Alli.il    i.».'l;il-.,  102.  121 

Alknlinietrv,  318 

AU^iilin.'^nliH,    03,  124 


Allotropic  elements,  8.3,  112 

Alloxan,  437 

AlloMirK'  iKHlies.  137,  438 


Almond  oil,  262 
Aloins,  263 
Alpha-compounds,  222 
Alternating  currents,  63 
Altitudes.  29 
Alum.  178 

poisoning,  406 
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Amboceptors,  516 
A mb rosin.  285 


AlTli 


A.U. 


:ti» 


-phenols,  266 

Amids,  268 

Amins,  221.  207 

Ammonia,  in.'>.  553 

in  BBter,  3li3 

in  wine,  553 
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Ammoniacal  fermentation  of  urine, 

535 
Ammonio-silver  nitrate,  302 
Ammonium,  108 

compounds,  116 

microchemic  test,  326 
Ampdre,  54 
Amygdalin,  257 
Amyl  nitrite,  231 
Amyloid  casta,  588 

corpuscles,  594 

degeneration,  446 

substance,  282 
Amylopsin,  286,  455 
Anabolism,  489 
Analgesics,  271 
Anaphylaxis,  511 
Angle  of  aperture,  40 
Anhydrids,  151 
Anilids,  269 
Anilin,  269 

dyes,  261 

poisoning,  419 
Animal  electricity,  59 

energy,  492,  497 

foods,*  500 

functions,  483 

heat,  492 

irritants,  409 
Anions,  03 
Annatto,  test,  371 
Annealing,  8 
Anode,  51 
Anthracene,  219 
Antliroqiiinono,  2G5,  274 
Antibodies,  516 
Antioytotoxina,  516 
Antidotes,  400 
Antimonates,  186 
Antimony  ])oisoning,  405,  426 

test,  323 
Antipyrin,  271,  419 
Antiseptics,  381 
Antitoxins,  278,  511 
Anuria,  637 
Apiol,  216 
Apoeynin,  257 
Apomorpliin,  274 
Aqua,  31,  144 
Aqueous  liunior,  470 

vapor,  356 
Arbutin,  257 
Arc  light,  63 
Archil,  260 
Aromatic  series,  218 
Arrow-poison,  419 
Arsenates,  186 
Arsenic  and  arsenous  acids,  164 

group,  122 

in  urine,  607 

oxids,  156 


Arsenic  poisoning,  404,  424 

tests,  321,  326 
Arsenites,  186 
Arsines,  222 
Artesian  wells,  12,  358 
Artiads,  86 

Articular  diseases,  604 
Asbestos,  191 
Ascitic  fluid,  482 
Ash  of  milk,  527 
Asparagin,  257 
Aspidospermin,  277 
Assay  ton,  332 
Assimilation,  494 
Astringents,  vegetable,  240 
Asymmetric  carbon,  209 
Atmosphere,  17 
Atmosplieric  electricity,  50 

pressure,  18 
Atomic  heat,  84 

weight,  84 
Atomicity,  83 
Atoms,  4,  83 
Atropin,  273,  326 

poisoning,  413 
Attraction,  5 
Audiphone,  75 

Austin's  centrifugal  method,  528 
Autointoxication,  506 
Autolysis,  285 
Autotoxemia,  506 
Avogadro's  law,  16 
Azo-compounds,  222,  270 
Azote,  138 

Babcock  test,  528 
Bacteria,  278,  285 

in  milk,  529 

in  urine,  595 
Bacterial  casts,  589 
Bacteriolysins,  516 
Bacterium  coli  commime,  595 
Bacteriuria,  595 
Baking  powder,  374 
Balance  and  weights,  315 
Balloons,  19 
Balsam  of  Peru,  381 
Balsams,  217,  218 
Baptisin,  257 
Barium  poisoning,  406 

test,  326 
Barometer,  17,  18 

and  altitude,  18 

aneroid,  18 
Barometric  neuroses,  19 
Bases,  91,  92 
Baaic  oxids,  147 
Basicity,  91 
Baths,  33,  44 
Battery,  52 

fluids,  52 
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Baudouin's  test  for  bile,  571 
Bailing  scale,  14 
Becquerel  rays,  34 
Beer,  226,  377 
Bee-stings,  431 
Beeswax,  246,  381 
Belladonna  poisoning,  413 
Beqce-Jones  protein,  661 
Benzaldehyd,  233 
Benzene,  218 

poisoning,  417 
Benzin,  211 

poisoning,  407 
Benzoates,  195 
Benzoic  acid,  238,  382 
Berberin,  277 
Berthollet's  laws,  340 
Bessemer  process,  106 
Beta -compounds,  222 

-naphtol,  404 
Beverages,  504 
Bicarbonates,  180 
Bile,  459 

pigments,  439,  459 

salts,  439,  459,  554 
Bilicyanin,  459 
Biliousness,  507 
Bilirubin,  459,  579 
Biliverdin,  459 
Bilixanthin,  459 
Binary  compounds,  89 
Bismuth  poisoning,  405 
Bitter  principles,  263 
Bixin,  261 
Bleaching  of  foods,  377 

powder  poisoning,  406 

estimation  of  strength,  328 
Blood,  447 

casts,  586 

composition,  450 

in  poisoning,  396 

in  stools,  474,  476 

in  urine,  573 

in  vomit,  478,  590 

specific  test,  453 
Blow -pipe,  311 

analysis,  312 
Body-fat,  436 
Boiling-point,  23,  24,   145 
Bolometer,  24 
Bones,  440 

diseases  of,  441 
Borates,  185 
Borax,  185 

Dead  tests,  313 

in  eggs,  378 

in  milk,  371 
Boric  acid,  102,  382 
Boroglycerin,  162,  229 
Boron,'  142 
BOttger's  test  for  sugar,  565 
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Botulismus,  410 

Boyle's  law,  16 

Brain,  443 

Brandy,  22/ 

Brasilin,  261 

Bread,  372,  485,  502,  504 

alum  in,  374 
Bright's     disease,     difTerentiation, 

596 
Brittleness,  8 
Bromates,  172 
Bromelin,  287 
Bromids,  172 
Bromin,  132,  383 
Bromism,  429 
Bromoform,  224 

poisoning,  419 
Bronzed  diabetes,  564 
Brucin,  275 
Bryonin,  257 
Bunsen  flame,  310 
Buoyant  force  of  fliiids,  12,  19 
Burns,  445 

Butter,  244,  370,  485 
Butyric  acid,  236,  436,  522 


Cacao  butter,  245 
Cachexias,  508 
Cacodyl,  268 
i   Cactin,  257 
I   Caffein,  277 
,   Caisson  disease,  496 
Cake,  377 

Calabar  bean  poisoning,  419 
Calcareous  concretions,  446 
Calcium  carbonate  crystals,  582 

oxalate,  554,  580 

phosphate  crystals,  580 

sulphate  crystals,  582 

test,  326 
Calculi  of  urinary  tract,  606 
Calorescence,  37 
Calorie,  34,  439,  497 
Calorific  values,  505 
Calorimeter,  34 
Camera  lucida,  39 

obscura,  40 
Cammidge-Schroeder    pancreatic 

test,  603 
Camphor,  216 
,        poisoning,  415 
Cancer,  447,  457 
Cane-sugar,  254 

Cannabis  Indica  poisoning,  413 
Canned  goods,  378 
Cantharidin,  263 
Cantharis  poisoning,  409 
'   Caoutchouc,  216 

Capillary  attraction,  10 
;   Caramel,  254,  376 
Carbamic  acid,  269 
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Curbamid,  2' 
Carbazotic  a 
Cnrbids,   183 
Cnrbohydruti^R,  243,  490,  498 
Carbolates,  196 
Carbolic  acid,  3B3 

poisoning,  403 
Carbon,  142 

rompounda,  204- 

dioxid,   154 
poisoning,  415 

diaulpliid,  42S 

monoxid,  154 
hemoglobin,  4.-i2 

poisoning,  415 


utits, 
Carbonates,  1 


!,  542 
Carbonatioii,  3S2 
Carboniu  acid,   162 
CarbylaininB,  272   , 
Cardiac  failure,  19 
Carininic  acid,  260 
Camot-dauBiiiH  principle,  3i 
Curtliatnii!!,  260 
Cartilage,  446 
Caseinogcn,  282 
Caseins  2S0 

Caseous  degi^eration,  446 
CKRt«r-oil,  244,  403 
Casts,  584 
CatiiMisni,  489 
CatalHses,  287 
Cataphotesis,  68 
CaUnict,  447 
Cntnrrliiil  pnsU,  580 
fnllinrtic  nHd.  257 
Cathode, 


.,  36 
iM,  li:i 

CuiiHtio  lllklllic:), 
,  408 


402 


C<HlilI 

Cnlrene-i,  215 
Celluloid,  250 
Cellulose.  230 
Cement  of  li^th,  447 
Cement^,  fl.  101 

deutnl,  148 
Centrifuge,  530 
Ceri'ltriti,  257 
Cerebi 


-spinal   1 
n,  4nn 


Chinolin,  270 

Chitins,  283 
Chloral,  233 

hvdmtp,  384 
pbisonins,  414,  428 
Cblornte?,  171 

Chlorids,  169,  402 


Dik 


■,  363 
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Chlorinated  linir,  171,  3S4 

Chloroform,  223,  385 
poisoning,  415 

Chlorophyl,  260 

Choeolafe,  375 

Cholnlic  HCid,  430 

Cholemia,  449 

Chotesterin,  228,  430,   460,   681 

Choi  in,  278,  430 

Choluria,  532,  570 

Chondrin,  283 
I  Chromatea,  187 

Chromatic  aberration,   43 

Cliromic  trioxid,  384 
I  Chromium  poisoning,  406,  430 
[  Cnromoproteids,  282 

Chronic  poisoning,  422 
!   Chrvsophan,  257 
,   Chvie,  460 

CbVluria,  672,  594 

rhymase,  288 
,   Chymosir,  288 

Cicul*  mueulata,  421 
I  Clmidfiigin,  257,  263 
I   Cindiomi  group,  2T4 

Cinchonidin,  274 
'   Cinehonin,  274 

Cinnnmic  acid,  230 

Citrates.  193 

Citric  ncid,  23R,  384 

Clays,  188 

Clenvngp,  07 

Clotting  of  blood,  440,  450 

Coagulated  proteids,  281 
!   Coal,  143 

(Ive  colors,  201,  378 
I       -{Pls,  212 

poisoning,  415,  430 


tipyrf 


,   116 


410 


poise 
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Coehineal,  200 
'   Cocoa,  375 
■   Codein,  274 
I  Coffee,  375,  428,  505 
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Cohesion,  5 

Coke,  144 

Colchicum  poisoning,  408 

Cold,  20 

-storage  products,  376 
Collagen,  283,  440 
Collodion,  251 
Colloid  degeneration,  446 
Colloidal   solutions,   113 
Colloids,  11 
Colocynthin,  267 
Colon  bacilli  in  water,  367 
Color,  40,  41,  42 

-changes,  32,  361 

comparisons,  298 

of  alloys,  124 

of  metals,  110 

of  urine,  630 

of  water,  42,  359 
Coloring  matters  of  foods,  376,  377 

of  medicines,  350 

of  urine,  555 

vegetable,  257 
Colostrum,  466 
Combination  of  metals,  102 
Combustion.  115,  135,  345 

equivalent,  493 
Compass,  60 
Complement,  516 
Compound  ammonias,  267 

solvents     in    aqueous    solutions, 
343 
Compressibility,  6 
Condensers,  50 
Condiment^*,  503 
Conduction  of  ehH'tricitv,  50,  111 

of  heat,  21,  111 
Conductivity,  66 
Confectionery.  376 
Coniferin.  257 
Coniin,  273,  326 
Conium  poisoning,  418 
Conjugjite  sulphates,  543 
Connective  tissue,  445 

in  urine,  694 
Conservation  and  correlation,  7 
Consistence  of  urine,  534 
Constitutional  diseases,  604 
Contamination  of  air,  355,  366 

of  water,  367 
Contractility,  443 
Convallamarin,  267 
Convection,  21 
Convolvulin,  267 
Convulsants,  420 
Cooking.  503 
Copper  poisoning,  405,  425 

sulphate,  385 

tost,  323 

volumetric  estimation,  321 
Cornea,  446 


CorrosivMublimate,  326,  402 
Corrosi^  397,  401 

treatMKt  of  poisoning,  399 
Cotoin,  267,  264 
Cotton,  260 
CotAnseedoil,  242 
Coulomb,  56 
Counter-irritants,  214 
Cream,  526 
Creatinin,  437,  552 
Cremation,  440 
Creolin,  385 
Creosote,  264,  385 
Cresol,  264,  385 
Critic  temperature,  27,  496 
Croton-oil,  244,  408 
Crude  fiber,  317 
Cryohydrates,  34 
Cryoscopy,  539 
Crystallin,  280 
Crystalline  lens,  447 
Crystallization,  10,  66,  68 
Crystallography,  65 
Crystalloids,  11 
Crystals  in  urine,  576 
Cubebin,  263 
Cudbear,  260 

Cupric  and  cuprous  salts,   116 
Curare,  419 
Curcumin,  260 
Current  density,  56 
Cyanates,  197 
Cj'anid  of  zinc  and  mercury,  385 

poisoning,  417 

process,  107 
Cyanids,  197 

estimation,  321 
Cyanogen  poisoning,  429 
Cyano-salts,  197 
C^'anosis,  496 
Cyiindroids,  585 
Cvstic  contents,  480 
(S'stin,  671,  578 
C^'stinuria,  571,  578 
C\'stitis,  699 
Cytisin,  409 

D,  48 

Dalton's  law,  496 

Dandruff,  445 

Daniell  cell,  63 

Daturin,  273 

DtKii normal  solutions,  317 

Deco<»tions,  31,  146 

Decrepitation,  296 

Deflagration,  295 

Deliquescent  compounds,  68,   146 

Density,  2.  6.  84 

Dental  amalgam  alloys,  125 

caries,  442 

dies,  127 


Dental  enamH,  190,  441 

porcelain,  IBO 

rubber,  216 

BolderH,  128,  127 
De<Mlo rants,  3S1 
Depressants,  416 
Derivntinn  of  metals,  101 
Tk'w-point,  27 
Dextrin,  S153,  253 
Dflxtrose,  258,  435,  449 
Diubetes  mMlitiis,  487,  564 

pliosjihatir,  541 


Di 


.  430 


DJaceturia,  688 
Diaehylon,  248 
Diagnosis  of  non-urinary  diseases. 

Dialysis,  11,  98 
Dialv7^  iron,  167 
Diaroin,  271 
Diamond,  142 
Diarrhea,  474 
Diastase,  286 


0  pompoimil 


i,  222,  270 


reaction,  800 
Diet,  407 
Diffraction,  42 
DifTuiiion,  10,  16 
Digestion,  484 
Digestive  niiids,  4S4 
Digitalin,  257 
Digitalis  poisoning,  400 
Digitoxin,  258 
Diphtheria,  278,  511 
Diri^vt  eoiiibiiKi  lun  of  melals,   116 
Disfoloration  of  fillings,  12S 
Discovery  of  metals,  101 
.  Disinrcctants,  .181 
Dissociation,  32 
Distillation,  28 
Divisibilitv,  3 
Dog-bite,  430 

Bnnne'B  reaction  for  pus,  573 
DonHe  re  f  mot  ion.  47 
KrinkinR-wntcr,  350 
Dropf-v.  494 
Dnts'impuritipB,  380 
Drugs  and  uiine,  530,  531 
Dry  cell,  53 
DrvinfC  oiln,  242 
Du'ttility,  0,  111 
Diilcamarin,  25B 
Dynamic  electricity,  50 
Dynamo,  63 
Dyne,  7 
T^spnea,  406 

Kir,  74 

Earthy  phosphates,  5S3 
Echoes,  72 
Eclampsia,  507 


EITects  of  heat,  22 
I  Effprvosi-cncp,  345 
:  Effloreacent    compounds,    68,    146, 

360 
:   KjTR^,  376,  601 
j   Khrlicli'a  test  for  typhoid,  600 

Elaidin  test,  245 

ElttsticitT,  e,  9 
I       of  met«l«,  112,  124 

Elastins,  283 
I  Elaterin,  263 
;  Elc'triir  currcnl.  62,  65 
!      eel,  59 

equivalent  of  heat,  35 
furnace,  64 
I       heat,  84 
I       light,  83 
I       machine,  50 

Rloclticity.  20,  48 

EWtrwaut.-ri7j.lion,  58 
I  Elwlrociitioit.  SO 

Eleetrolysis,  311,  103 

ElectrolyteB,  70,  03,  491 
I  Elpctrolytic  Analysis,  325 
I  Elcctromngnclism,  GO 
I  Electromotive  force,  34 

Klectrons,  4,  S4 

Electroplating,  58 

Klri-(rn!;fx)rp.  40 

Electroloi 


;.  58,  57 


I    i-:i,-nii.nt«.  m,  329 
.   Emetin,  277 
!   Emodin,  258 

Emulsin.  288 
i  Emulsions,  32 
j  Enamel,  441 

Enemas,  488 
I  Knergy,  7 
'   Kiiterokinase,  462 
I   Enterolith-.,  475 
;  Enzymen,  285,  490,  563 

Epifalion,  58 

Epinephrin,  471 

Epithclia.  444,  591 
j  Epithelial  casta,  586 

Equations,  95,  97 


Erepsin,  287 

Erg,  7 

Ergot,  241,  258,  277,  408,  428 

Erythrocytes,  448 

Esbneh's  method,  500 

Esculin,  258 

Eserin,  276,  419 

EsscncM.  31 

Essential  oils,  214 

Esters,  230,  231 


INDEX. 


649 


Ether,  34,  229 

poisoning,  415,  427 
Ethereal  saitR,  222 

sulphates,  543 
Ethers,  221,  229 
Ethyl  chlorid,  222 

nitrite,  estimation,  327 
Ethylene  series,  213 
Eucain,  276 
Eucalyptol,  216,  385 
Eugenol,  265 
Eiionymin,  263 
Evaporation,  26,  352 
Ewald's  test-hreakfast,  521 
Excretions,  472 
Expansion  by  heat,  22 

of  gases,  16,  22 
Explosion,  345 
Extension,  2 

Extraction  of  metals,  103 
Extracts,  374 
Exudates,  482 

False  mombranes,  483 

Farad,  56 

Faraday's  law  of  electrolysis,  94 

Faradic  battery,  61 

Fat,  body,  436 

in  urine,  593,  594 
Fatigue,  443,  492 
Fats,  241,  316,  502 

ditFerentiation,  333 
Fatty  acid  crystals,  582 

castM,  588 

degeneration.  446,  593 

necrosis,  462 

series,  210,  219,  234 
Feces,  413 
Fehling's  test,  565 
Feldspars,  188 
Fermentation,  20,  292 

test,  566 
Ferments,  285 

Ferric  and  ferrous  compounds,  115 
Ferricyanids,  198 
Ferrocyanids,  198 
Ferrous  sulphate,  385 
Fevers,  599 
Fibrin-ferment,  449 
Fibrinogen,  280 
Fibrinous  casts,  586 
Fibrins,  281 
Fibrinuria,  561 
Fibroid  degeneration,  446 
Fibroin,  283 
Filariasis,  572 
Filters,  361 
Fining,  227 
Fin**cn  nictho<1,  44 
Fish,  501 

berries,  421 


I  Fish  poisons,  410 
I   Fixed  oils,  241,  316,  328 
Flame  tests,  313 
Fleitmann's  test,  321 
Flexibility,  9 
Floating  kidney,  599 
Florence   test   for   seminal   stains, 

468 
Flour,  372 
Fluorescence,  42,  45 
Fluorids,  174 
Fluorin,  130 
Fluoroscope,  62 
Food,  497 

poisons,  410 

preservation,  292 
Foot-pound,  7 
Force,  7 
Formaldehyd,  232,  385 

poisoning,  416 
Formalin  in  milk,  371,  379 
Formamid,  269 
Formates,  195,  436 
Formic  acid,  234,  436 
Formulas,  88 

graphic,  89,  90 

molecular,  330 
Fractional  crvstallization,  68 

distillation,'  29,   104 
Frangulin,  258 
Fraunhofer's  lines,  46 
Fraxin,  258 
Freckles,  43 
Freezing  mixtures,  34 

point,  24,  71,  145 
Frictional  electricity,  49 
Frohde's  reagent,  275 
Frommer's  test,  568 
Fruits,  503 
Fuchsin,  262 
Fulguration,  51 
Fulminates,  271 
Fusel -oil,  228 
Fusion-point  of  alloys,  122 

of  metals,  110 

Galactose,  256 
Galnctotoxins,  410 
Gallates,  194 
Gallic  acid,  239 
Gallotannic  acid,  239 
Gall-stones,  459,  460 
Galvanic  cell,  51 

electricity,  51,  67 
Game,  501 

Gas,  illuminating,  430 
Gaseous  exchange  in  poisoning,  397 

irritants,  411 
Gases,   16 

analysis,  325 

of  body,  434 
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Gases,  poisoning  by,  411 
Gas- formation,  345 
Gasolin,  211 
Gastric  absorption,  525 

contents,  523 

juice,  456,  521 

motility,  525 
Gastro-intestinal  diseases,  602 
Gav-Lussac's  law,  87 
Geisaler  light,  36 
Gelatin,  283,  502 
Gelatinization,  208,  352 
Gelatinoids,  283 
Gels,  11 

Gelsemium,  277,  418 
General    rules   of    incompatibility, 

340 
Gentiopicrin,  258 
Gin,  227 
Glass,  180 
Gliadin,  281 
Globin,  280 
Globulins,  280 
Globulinuria,  557 
Glucolysis,  470 
Glucosamin,  564 
Glucose,  255 
Glucosids,  256 
Glue,  283 
Gluten,  281 
Glutins,  283 
Glycerids,  241 
Glycerin,  228,  386 
Glycerophosphoric  acid,  556 
Glycocholic  acid,  439 
Glycocoll,  439' 
Glycogen,  252,  435^  443 
Glycols,  228 
Glycoproteids,  282 
Glycosuria,  487,  563 
Glycuronic  acid,  568,  570 
Glycyrrhizin,  268 

Gmeiin*s  test  for  bile-pigment,  571 
Gold,  107,  120 

plate,  120 

refining,  332 
Gonococcus,  598 
Gonorrheal  urethritis,  590 
Gout,  446 
Gram,  2 
Granular  casts,  586 

effervescing  salts,  238 
Granulated  metals,  108 
Granules  in  urine,  582 
Graphite,  142 
Gravimetric  methods,  314 
Gravitation,  5 
Gravity,  5 
Green  soap,  248 
Grenet  cell,  51 
Groups  of  metals,  102,  121 


Groups  of  metals,  reagents,  298 
Guanin,  438 
Guaranin,  277 
!  Gum-resins,  217 
Gums,  252 
Gun-cotton,  250 
powder,  174 
smokeless,  251 
Gutta-percha,  217 
Gutzeit*s  test,  323 
Gymnemic  acid,  258 
Gypsum,  178 

Haines's  test  for  sugar,  5ff4 

Hair,  445 

Halogens,  130 

Haloid  salts,  168,  222,  321 

Hammar stents  test  for  bilo,  578 

Hardness,  8 

of  alloys,  122 

of  metals,  110 

of  minerals,  8 

of  water,  145,  362 
Hav  fever,  409 
Hay's  test  for  bile,  571 
Heat,  20 

of  formation,  95 
Heavy  metals,  103 
Helenin,  258 
Helium,  130 

Hellebore  poisoning,  408 
Helleborin,  258 
Hematin,  451 
Hematoidin,  452,  579 
Hematoporphyrin,  451 
Hematoporphyrinuria,  574 
Hematoxylin,  260 
Hematuria,  573 
Hemic    and    circulatory    disorders, 

601 
Hem  in,  451 

Hemlock  poisoning,  418 
Hemmeter's  test-meal,  521 
Hemoglobins,  282,  451 
Hemoglobinuria,  574 
Hemolysins,  515 
Henry,  56 

Hepatic  lesions,  602 
Hertzian  waves,  35,  65 
Hesperidin,  258 
Hess's  law,  21 
Heterolvsins,  285 
Heteroxanthin,  438 
Hexamethylentetramin,  268,  390 
Hcxone  bases,  283 
Hippuric  acid,  552,  581 
Histon,  561 
Histozym,  288 

Hoffmann's  test  for  tyrosin,  579 
Homatropin,  273,  326 
Homogentisic  acid,  570 


Honey,  258,  3T2 

Indestructibility,  2 

Horiiiunea,  434,  472 

Index  of  refraction,  30 

ITorror  autotoxicus,  440 

Indican,  261,  435,  543 

Horsepower   7 

test,  544 

Iniiicamirifl.  643 

433,  440 

liidiciitor-.,  317 

deca7  after   death, 

440 

Indigo  in  urine,  679,  584 

HupperfB  test  tor  bilirubin,  571 

Indol,  437 

Hyaline  cemU,  6S6 

Hydatid  fluid,  481 

Induction,  49,  61 

Hydrantwater,  358 

Inertia,  6 

Hydra rgyrism,  425 

Hydraslin,  277 

Infusions,  31,  146 

Hydraulic  press,   12 

Inhalation  of  foreign  matters,  3 

Hvdrnzins,  222.  270 

Inorganic  acids,  157 

hydremia,  449 

Inoait,  435 

Hydriodic  acid,  158 

Inositiiria,  607 

Hydro-acids,  167 

Insect  stings,  431 

Hydrobromic  aeid,  158 

Insulators,  50 

Hydrocarbon  derivatives,  2 IS 

Intentional  incompatibility,  349 

Hydrocarbons,  208 

Interference  of  sounds,  74 

Hydroirhloric  ni-id,  157. 

401,  457 

Interim    seiTetioiis,  470 

HydriK^■snic  acid,  240 

IntcHtina    bacUriu,  473,  486 

poisoning,  416 

juice,  462 

test,  324,  326 

IntostcaUon,  508 

HydroRpn,  12H 

Inulin,  252 

aulphid,  159 

(nvertus..,  288,  290 

Hydrometer,   14 

Invertin,  288 

Hvdronephrof-is,  509 

lodates,  173 

lotiids,   173 

HydrosolB,  11 

lodimetri',  320 

liydrofltatic  equJIibriiin 

,  12 

lodin,   133 

Hvdroxids,   164 

Hygrometer,  2H 

lodism,  429 

iiTgrometrv,  330 

Iodoform,  224,  386 

Hyoscin,  2T3,  3-'IT 

lodotlivrin,  433 

HyoMjamin,  273,  326 

Ion«,  60.  (13,  04 

413 

:iyperinOBis,  440 

Iridescence,  42 

Hypinosis,  44» 

Iron,  loe,  54.1 

group.  122 

HvpoohloritM,  171 

poisoning,  40fl 

Hypopho»phite9,  188 

test,  323 

HvpoRtheniants,  410 

Irradiation,  43 

Irritants,  404 

Hypoxanthin,  438 

trcntmcnt  of,  3K8 

Ice,  34 

joamylatnin,  269 

■water,  358 

Isocyanids,  271 

IphthvoT,  2r.6 

Tol.ll.V viii-.  410 

Isotonic  -oUitions  t'i 

Ignai,..  4-'(. 

Ivy  poisi.li,  431 

Igniti.,,1.  ai2 

ImHses.  38 

Jnlapin,  968 

Immiinity.  SIO 

Japan,  218 

Jnipi'nplrahilitv,  3 

.lei-orin,  436 

Jellies,  372 

Joule,  7,  35 

Incnniiiatibiiilr,  340 

pnii'lii'nl  tablf,  344 

Kairin,  270 

Incubation  period,  51 1 

Keratins,  280 

-water,  166 

Kerosene,  211 

Liniments,  248 

Ketones,  221,  233 

Linseed-oil,  243 

Kidneys,  472 

Lipaciduria,  572 

pennenbility,  538 

Lipase,  288 

Kie»tein,  SSO 

Lipemia,  409 

KilogT  am  meter,  7 

Liporbronie,  445 

Kin.tio  MiprK)-,  7 

Lipuria,  572,  5»4 

Kjelibhl-s  metliod,  648 

Liquation.  124 

Knockout  drops,  414,  417,  421 

Liquefaction,  26 

Kramerin,  260 

on  trituration.  348 

Liqueur-.,  22S 

Lab-ferment,  288 

Liquid  air,  140 

Ijibile  corapoiinda,  S3 

Liquids,  10 

LBburnum,  40B 

Liquor,  31 

Laccnsp,  287 

Liquors,  146,  226,  377 

Lactase,  266 

Liter,  2 

Lactate*,  104 

Lithemia,  507 

Lactic  acid,  237,  387,  524 

Lithium  test,  326 

LactoBcopR,  527 

Litmus,  260 

LactoBfi,  254,  436 

Lixiviation,  U7 

LactosurJB,  587 

Laiose,  567 

Lobelin,  273 

Lninp-blHck,  144 

Lochia,  468 

Lanolin,  246 

IxieuBt  poiHOning,  416 

Larii,  369 

Loudness  of  sound,  73 

Lardacein,  282 

Lye,  402 

IJirynx,  74 

Lvmpli,  469,  494 

Lotent  heat,  33 

-glands.  445,  490 

UthyniB,  4m 

Laughing-gas,  162 

Maceration.  147 

Ijiw  of  partial  presBures,  13 

Magnesia,  148,  166 

of  equivalent  proportions,  67 

Magnesium  phoapliste  crjaUls,  581 

Lead  group,  122 

test,  324,  320 

in  urine,  423 

Magnetic  poles,  61 

■plaster,  24S 

Magm-li-m,  (Id.  112 

Maize,  (liimnyL'd.  428 

test,  326 

M^iiiicliit.'  f;i-i^'ii  group,  262 

Maliit.-.   IDJ 

Leeitliins,  246,  436,  443,  444 

yUUf  licid.  538 

r^lanrhe  cpll,  63 

Malleftbiiitv,  9,  111 

Legni's  test  for  acetone,  568 

Maltase,  288 

Legumin,  280 

Maltin,  288 

Lemon-jniee,  506 

Maltose,  255 

Lenses,  30,  43 

Mnnganalea,  187 

r^ptandrin,  258 

^larw^n...,.  poisoning,  426 

Lencir,  270,  437,  573 

Tilajilc   proiliirls,   :iT3 

Lciicocvtoais,  448 

Miirit.'ti-^  law,  16 

Leupomains,  278 

Marsh's  test,  322 

LevHlose,  255 

Mass,  2 

Levulosurin,  566 

Matches,  HI 

Lcvdon  jar,  50 

Matter,  1,  4,  5,  T 

Lieben'8  test  for  acetone,  668 

Maj'er'a  solution,  319 

Liebig'n  test,  324 

MrGlannnn's  te^^t  for  acetone,  568 

Life,  491 

Meat  extracts,  501 

Light,  S5 

-poisoning,  410 

metals,  102 

Meats,  485,  501 

Lightning,  50,  61 

Mechanic  equivalent  of  heat,  35 
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Meconates,   107 

Meconium,  475 

Melanin,  439,  445,  446,  583 

Melanuria,  570 

Mendelejeffs  table,  08 

Meningeal  fluid,  460 

Menthol,  216 

Mephitic  poisoning,  357 

Mercaptans,  266 

Mercuric  and  incrcurous  salts,  116 

chlorid,  170,  387 
Mercurous  chlorid,  160 
Mercurv  poisoning,  425 

test,  324 
Meso-com pounds,  200 
Meta -com pounds,  222 
Metabolism,  480 
Metabolons,  80 
Metal,  finding,  299 
Metalbumin,  480 
Metalloids,  128 
Metals,  101 
Meta  phosphates,  184 
Meter,  2 
Methane,  210 
Methyl  chlorid,  223 
Methylone-blue,  262 
Metric  system,  2 
Mczcalin,  277 
Microchomic  tests,  326 
Microchcmistry  of  urine,  575 
Micrococci  urese,  507 
Micron,  3 
Microscope,  40 
Microscopy  of  metals,  112 
Milk,  399*  463,  486,  500,  525 

-fat,  465 

poisons,  410 

proteins,  465 

sickness,  420 
Milliamp^re,  55 
Milliamp^remeter,  55 
Mineral  acids,  388,  401 

contamination  of  foods,  373 

irritants,  404 

waters,  359 
Mirage,  30 
Mobility,  7 

Moisture,  in  air,  27,  355,  356 
Mol  or  mole,  70 
Molasses,  572 
Molds,  290 

in  urine,  597 
Molecular  heat,  84 

volume,  84 

weight,  84,  330 
Molecules,  3,  5,  83,  88 
Momentum,  7 
Mordants,  42 
Morphin,  274,  412,  427 

tests,  324,  326 


Mucilage,  252 
Mucin,  282,  555 

bands,  590 
Mucoid  degeneration,  446 
Mucoids,  282 
Mucus,  463 

cells  in  urine,  500 
Mulder-Neubauer    test    for    sugar, 

ouu 
Murexid  test,  550 
Muscarin,  278,  413 
Muscle,  442 
Musical  scale,  73 
Mushroom  poisoning,  413 
Mussel  poisoning,  410 
Mustard,  245,  388 

-oils,  245,  271 
Mvcodornia  aceti,  290 
Myelins,  443 
Myosin  ferment,  443 
Myosinogen,  280 
Myronic  acid,  258 
Myrosin,  258 
Mytilotoxismus,  410 
Myxedema,  445,  471 

N-ravs,  36 
Nails,  444 
Naphtha,  211 
Naphthalene,  219,  388 
Naphtols,  265 
Narcotics,  412 

antidotes,  412 
Narcotin,  274 
Natural  gas,  213 

waters,  537 
Nco-compounds,  209 
Nephritides,  differentiation,  596 
Nernst  lamp,  64 
Nerve-substance,  443 
Ner\*ou8  diseases,  604 
Nesslerizing,  364 
Neurin,  430 
Neurokeratin,  444 
Neurolemma,  444 
Neurotics,  ,398,  412 
Nicol  prism,  47 
Nicotin,  273,  327,  417 
Niewenglowski's  rays,  36 
Nitrates,  174,  403  * 

in  water,  365 
Nitric  acid,   163,  401 
Nitrifying  ferments,  291 
Nitrils,  271 
'   Nitrites,  175 

in  water,  365 
Nitro-acids,  163 
Nitrobenzene,  266 

poisoning,  416 
■   Nit rocellu loses,  250 
Nitrogen,  138 
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Nitrogen  derivatives,  222 
Nitroglycerin,  231 

poisoning,  416 
Nitrometry,  327 
Nitroprussids,  108 
Nitro-salts,  174 
Nitrous  oxid,  152 
Noguchi  modification,  516 
Nomenclature,  89 
Non-metallic  oxids,  151 
Normal  constituents  of  urine,  540 

serum,  71 

solutions,  317 
Noxious  trades,  357 
Nuclease,  290 
Nucleic  acids,  241 
Nucleids,  284 
Nucleins,  282 
Nucleoalbumins,  282,  555 
Nucleoproteids,  282 
Nuts,  503 
Nux  vomica,  420 

Occlusion,  19 
Odor  of  urine,  532 

changes  in  medicines,  353 
Odors,  497 
Ohm,  54 

Oidium  albicans,  291 
Oils,  fixed,  241 

volatile,  214 
Oleates,  194 
Olefins,  213 
Oleic  acid,  237 
Oleomargarin,  244,  369,  370 
Olcoresins,  217 
Oliguria,  537 
Olive-oil,  242 

Oliver's  test  for  bile-salts,  554 
Opera-glass,  40 
Ophthalmoscope,  40 
Opium  group,  274 

poisoning,  412,  427 
Oppler-Boas  bacilli,  523 
Opsonins,  514 
Orellin,  261 
Organic  acids,  221,  234 

acid  salts,  191 

matter  in  water,  363 
Organogens,  204 
Ortho-compounds,  222 
Osmazome,  501 
Osmosis,  11,  68 
Osmotic  pressure,  69,  70 
Ossein,  440 
Osseous  diseases,  604 
Oxalates,  191 
Oxalic  acid,  237,  327,  402 
Oxaluria,  554 
Oxidases,  287 


Oxidation,   20,   87,    135,   311,   352, 

489,  490 
Oxidimetrv,  320 
Oxids,  144 
Oxybutyria,  569 
Oxygen,  134,  363,  388 
Oxyhemoglobin,  451 
Ozone,  135 

Palladium  test,  323 

Pancreatic  juice,  461 

Pancreatin,  288 

Panum's  test  for  albumoses,  561 

Papain,  286 

Papaverin,  274 

Paper,  250 

Paracasein,  281 

Para-compounds,  222 

Paraffin,  212 

Paraffins,  210 

Para  form,  385 

Paralbumin,  280 

Paraldehyd,  232 

Parasites  in  urine,  595 

Parathyroids,  471 

Paraxanthin,  438 

Parthenogenesis,  76,  447 

Pectin,  253 

Pellagra,  428 

Pelletierin,  273 

Pellotin,  277 

Pentosuria,  567,  568 

Pepsin,  287 

Peptids,  281 

Peptoids,  486     . 

Peptonized  foods,  591 

Peptons,  281 

Peptonuria,  560 

Pcrchlorates,  172 

Periodic  law,  99 

Perissads,  86 

Peroxid  of  hydrogen,  156,  328,  388 

Petrified  wood,  163 

Petroleum,  211,  388 

ether,  212 

poisoning,  407 
Phagocytosis,  513 
Pharmaceutic  assays,  328 
Phase  rule  of  Gibbs,  96,  103 
Phenates,  196 
Phenazone,  271 
Phenolphthalein,  262,  265 
Phenols,  221,  264,  324,  383,  403 
Phenolsulphonates,  196 
Phenylamin,  269 
Phenylhydrazin,  270 
Phenylic  acid,  264 
Phlobaphenes,  217 
Phloridzin,  259 
Phloroglucin,  265 
Phonograph,  75 


i 


INDEX. 


655 


Phosphates,  183 

in  urine,  541 

in  water,  363 
Phosphaturia,  533,  542 
Phosphids,  185 
Phosphin,  141 
Phosphines,  222 
Phosphites,  185 
Phosphoglobulins,  282 
Phosphorescence,  38 
Phosphoric  acid,  164,  401 
Phosphorus,  140 

poisoning,  407,  426 

tests,  324 
Phospho-salts,  183 
Photography,  43 
Photogravure,  67 
Phototclephony,  64 
Phototherapy,  44 
Phthalein  group,  262 
Physic  change,  1 

chemistry,  1 

properties  of  metals,  108 
Physics,  1 
Physiologic    properties    of    metals, 

117 
Physostigma  poisoning,  419 
Physostigniin,  276,  419 
Phvtolaccin,  263 
Pialyn,  288 
Pionometer,  14 
Picric  acid,  266 
Picrococin,  258 
Picrotoxin,  264,  421 
Pigment  formation,  445 
Pilocarpin,  276 
Piperin,  270 
Pitch,  73 

Pituitary  l)ody,  471 
Plant    principles,    206,    207,    208, 

248 
Plasmas,  229 
Plasters,  248 
Platinum,  108,  120,  292 
Plumage  pigments,  453 
Plumbism,  422 
Plumbites,  197 
Podophyllotoxin,  259 
Poisonous  bite's  and  stings,  430 

metiils,  in  water,  367 

reactions,  346 
Poisons,  393 

and  urine,  607 
Polarimoter,  48 
Polari scope,  47 
Polar  i  scop ic    determination     of 

sugar,  500 
Polarisoopv,  47 
Polarity,  61,  H5,  86,  87 
Polarization,  47 
Polyuria,  536 


Populin,  259 

Porcelain,   190 

Porosity,  5 

Post-mortem  examinations,  397 

Potable  water,  357,  359 

Potassium  permanganate,  187,  388 

salts  poisoning,  406 

test,  327 
Potential  energy,  7 

gradient,  56 
Poundal,  8 

Practical    physic    and    chemic    in- 
compatibility as  applied  to 
medicine,  344 
Precipitate,  96 
Precipitation,  352 
Precipitin,  517 
Predigested  foods,  501 
Pregnancy,  toxemias  of,  606 
Prescriptions,  349 
Preservatives  in  foods,  378 
Pressure  of  atmosphere,  17 

of  liquids,  11 

on  immersed  bodies,  12 
Prism,  39 
Propeptons,  281 
Propionic  acid,  236,  436 
Prostatic  plugs,  589 
Prostatitis,  467,  599 
Protagon,  436 
Protamins,  279 
Proteids,  282 
Proteins,  279,  490,  498 

general  reactions,  283 

of  urine,  562 
Proteoses,  281 
,   Prothrombin,  449 
Protones,  280 
Protoplasm,  440,  491 
Protyle,  80 

Proximate  principles,  204,  328 
Prussic  acid,  240,  416 
Pseudoeasts,  580 
Pseudopepsin,  455 
Ptomains,  278,  575 

poisoning,  410 
Ptyalin,  2S8 
Pumps,  17 
Punly's  test  for  sugar,  566 

centrifugal  method,  560 
Purification  of  water,  360 
Purin,  438 

bodies,  437 
Pus  casts,  576 
'       in  urine,  575,  590 
,   Putrefying  ferments,  291 
I   Putrescin,  278 
'   Pyelitis,  598 
■   iSi'orrhca  alveolaris,  456 
Pyramid  in  bases,  438 
Pyridins,  270 
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Pyrocatecnin,  285,  666 

in  carboluria,  607 
I^rrogallin,  265 
P>'rologj-,  310 
Pj'rometers,  24 
Pyrophosphates,  184 
Pyroxylin,  251 
P>'rroi,  270 
iSruria,  575,  590 

Qiulitative  analysis,  205 
Quality  of  sound,  73 
Quantitative  analysis,  314 
Quantity  of  urine,  636 
Quassini  263 
Quereitrin,  259 
Quinidin,  274 
Quinin,  274,  327,  389 
Quinolin,  270 
Quinones,  222 

Radiation,  21 

Radical,  finding,  302,  305 

Radicals,  88,  89 

Radioactivity,  112,  117 

Radiometer,  37 

Radium,  117,  118 

Raoult's  law,  25,  330 

Rasmuflsen^s  test  for  bile-pigments, 

571 
Rays  and  waves,  36 
Reaction,  95,  97 

of  degeneration,  58 

of  urine,  534 

of  water,  362 
Reactions  of  water,  145 
Reagent,  90 
Receptors,  512 
Red  blood -cells  in  urine,  591 

heat,  37 
Reductases,  286 
Reduction,    85,   87,    105,   286,   311, 

352 
Refining  of  gold,  332 
Reflection,  38 
Refraction,  39 
Reinsch's  teat,  322 
Renal  arteriosclerosis,  598 

calculus,  598 

hyperemia,  698 
Rennin,  288,  523 
Residues,  88,  302 
Resinoids,  217 
Resins,  217 

poisoning,  407 
Resistivity,  56 
Rcsorcin,  205,  389 
Respiration,  495 
Respiratory  diseases,  601 

quotient,  495 
Retention  of  urine,  537 


Reticulin,  283 

Retina,  444 

Rheostat,  55 

Rhubarb,  381 

Rigor  mortis,  443 

Roasting,  104 

Robert's  test  for  albumin,  559 

Roentgen  rays,  62 

Rosanilin,  262 

Rosin,  218 

Ruberythric  acid,  261 

RuhmkorfT  induction-coil,  61 

Rum,  227 

Rusting,  114 

Saccharin,  268,  372 

Saccharose,  254 

Saffranin,  261 

Safrol,  265 

Sahli's  test  for  proteid  digcsti< 

487 
Sajous*s  hypothesis,  472 
Salicin,  259 
Salicylates,  196 
Salicylic  acid,  239,  379,  389 
Saliva,  454 
Salivary  calculi,  456 
Salol,  231,  389 
Salt,  92,  168.  384,  499 
Saltpeter,  378,  403 
Salts,  92,  167 

separation,  308 
Sand,  153 

Sandal  wood -oil,  381 
Sanitary  analysis  of  water,  362 

chemistry,  355 
Santalin,  201 
Santonin,  259 

poisoning,  419 
Saponin,  259 
Sapremia,  469 
Sarcin,  438 
Sarcolactie  acid.  437 
Sarcolemma,  442 
Sausage,  372,  375 

poisoning,  410 
Scale  compounds,  116 
Scammonin,  259 
Scarlet  red,  263 
Scillitin,  259 
Scoparin,  259 
Scopolamin,  274 
Scurv'y,  506 
Sea -water,  359 
Sebum,  463 

Secondary  current,  61 
Secretin,  454 
Secretions,  454 
Sediments  in  urine,  533 
Selenium,  138 
Seminal  fluid,  466 
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Seminal  fluid,  vesiculitis,  599 
Sera,  279 
Sericin,  283 
Serpentarin,  263 
Sewer-gas  poisoning,  416 
Silicates,  188 
Silicon,  142 

acids,  162 
Silver,  106 

nitrate,  174,  389 
poisoning,  403,  426 
Simon's  test,  324 
Sinalbin,  259 
Sinusoidal  currents,  59 
Siphon,  18 
Skatol,  435 
Skiagraphy,  62 
Skin  affections,  605 
Smegma,  463 

bacillus.  597 
Smell,  496 
Snake-bite,  430 

venom,  514 
Soaps,  247,  389 
Sodium,  test,  327 

benzoate,  in  catsups,  378 

sulphite,  in  meats,  378 
Soils,  188 

Solanaceffi,  273,  413 
Solanin,  259 
Solanum,  413 
Solids,  8 

in  water,  362 
Sols,  11 

Solubility  of  medicinal  salts,  acids 
and  bases,  341,  342 

of  metals,  111,  124 
Solution,  30 
Solvents,  30 
Sonorousness,  124 
Sound,  72 
Sources  of  heat,  20 

of  light,  35 

of  metals,  102 
Sozoiodolic  acid,  389 
Spanish  fly,  409 
Spartein,  273 
Spocial  incompatibilities,  346 

methods  and  apparatus,  321 
Specific  gravity,  5,  13,  14,  15,  16, 
19 
of  metals,  110 
of  urine,  538 

heat,  2ff,'m8,  124,  134 

infections,  599 
Spectra,  46 
Spectroscope,  45 
Spectroscopic    test    for   hematuria, 

573 
Spermatozoa,  467,  504 
Spermin,  467 
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Spheric  aberration,  43 

Spices,  374 

Spiegler*s  tost  for  albumin,  559 

Spigelin.  273 

Spirit-level,  12 

Spiriti*,  31,  227 

Spongin,  283 

Sputum,  479 

Stabile  compounds,  S3 

Standard  solutions  317 

Stannates.  187 

Starch,  251 

Starvation,  493 

Stas's  method,  395 

Static  electricity,  51 

Status  h-mphaticus,  471 

Steam-heat  mg,  33 

Steapsin,  288,  481 

S  tea  rates,  195 

Stearic  acid,  236 

Stearoptens,  215 

Stercobiiinuria,  571 

Stereoscope,  40 

Stings,  431 

Stoechionietr>',  97 

Stomach,  525 

Stoneware,   190 

Stools,  473 

Storage  battery,  54 

Stramonium  poisoning,  413 

Strasburger  fermentation  test,  476 

Streptococcus  pyogenes,  598 

Strontium  test,  327 

Strophanthin,  259 

Strychnin,  275,  327 

antidotes,  421 

poisoning,  420 
Sublimation,  29,   105 
Succinates,  195 
Succinic  acid,  238 
Succus  pyloricus,  458 
Sucrose,  254 
Sugar,  adulterations,  372 

in  urine,  563 
Sugar.s,  detection,  335 
Sulphanilic  acid,  200 
Sulphates,  177 

in  urine,  543 
Sulphids,   176 
Sulphites,   170 
Sulphocarlwlatort,   106 
SuIphcx»arlM>lic  ncid,  266 
Suli>hocarlM>nntos,  183 
Sulphocvanids,  108 
Sulphur,  130 
Sulphuric  acid,  l(>(),  401 
Sulpliurnu.H  acid,  Hil,  380 
Sulpliyd  rates,  177 
Sunburn,  42 

Suppression  of  urine,  537 
Suprarenal  extracts,  471 
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Urinary  sediments^  575 

tumors,  595 
Urine,  427,  529 
Urinometer,  547 
Urobilin,  555 
Urochrom,  555 
Uroerythrin,  556 
Urotropin,  268,  300 
Uses  of  metals,  118 
U.  S.  food  standards.  370 
Uterine  secretions. 

Vaginal  secretions,  468 
Valence,  85,  86,  89 
Valerates,  193 
Valeric  acid,  236,  437 
Vanillin,  265 
Vapor,  27,  356 

tension,  25 
Vaselin,  212 
Vaughan's  method,  305 
Vegetable  acids,  402 

coloring  matters,  260 

foods,  502 

irritants,  407 
Velocity,  7 

of  electricity,  59 

of  light,  38  * 

of  sound,  72 
Ventilation,  357 
Yeratrin,  276 
Veratrum   poi>Mming,  408 
Vernix  cnseosa,  463 
Vetches,  409 

Victor  Alcyer  apparatus,  330 
Vinegar,  375,  390 
Viscera,  446 

Visceral  degeneration,  446 
Viscosity,  10 
Vision,  444 
Vital  electricity,  59 
Vitellin,  282 
Volatile  oils,  214,  381 
Volatilization  tests,  313 
Volt,  54 

Volumetric  methods,  317 
Vomit,  479 
Von  Jaksch*8  test  for  diacetic  acid, 

569 
Vulcanizing,  137,  216 


Wassermann  reaction,  516 
Water,  144,  357,  499 

biologic  test,  366 

-gas,  213,  415 

-hemlock,  421 

incompatibilities  of,  349 

mineral  analysis,  367 

of  crj'stallization,  67 

phases,  146 

sanitary  analysis.  362 

vapor,  139 
Watt,  756 
Waxes,  246 
Waxy  casts,  588 
Weber,  54 
Weight,  5 
Welding,  9 
Wells,  358 

Werner-Schmidt  method,  527 
Wet  methods,  314,  330 
Whisky,  227 
White  heat,  37 

lead,  182 
Widal  test,  517 

Williamson's  test   for  sugar,  566 
Wines,  227,  377 
Wintergreen,  231 
Wireless  telegrapliy,  65 
Wood  alcohol  poisoning,  414 

-silk.  251 

-spirit,  225 
Woorara,  419 
Work,  7 

Xanthin,  438 
Xanthorhamnin,  261 
X-rays,  36,  62 
Xylonite,  251 

Yeast,  200 
Yew,  409 

Zein,  281 

Zinc  chlorid  poisoning,  403 

phenolsulphonato.  390 

lH)isoning,  426 

sulphate  poisoniii*;.  406 
Zincates,    188 
Zymase.  287 
Zyniofi^M],  454 
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